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GENERAL SUMMARY 
(1) New methods for the laboratory culture of the tick I. holocyclus were developed, in particular 
the mass production of small constant-humidity chambers containing 200 larvae. These enabled a 
quantitative experimental model of tick feeding in the guinea pig to be studied. 
{2) The previously unreported phenomenon of acquired cutaneous immunity to I. holocyclus in 
the guinea pig was studied in detail. When larvae were fed on unexposed animals tney were observed 
to feed successfully and detach fully engorged with blood. Following this primary infestation, how-
ever, a long-lasting immunity to further infestations was seen. Subsequent doses ot larvae given to 
these sensitized guinea pigs largely failed to survive, dying in situ after feeding on the skin for 
48-96h. 
{3) Larvae feeding on immune guinea pigs provoked an unusual delayed-onset cutaneous hypersen-
sitivity reaction which was characterised by the presence of large numbers of basophils and app~ared 
to exert a lethal effect on the ticks. A modified method of Giemsa staining allowed detection of 
basophils in paraffin-embedded histological sections. 
(4) The immunity against larval feeding was transferred with lymphoid cells in syr.geneic guinea 
pigs. Immune serum transferred the ability to respond with a mild cutaneous basophil reaction but 
caused only minor rejection of larvae. The simultaneous administration of cells plus serum gave an 
augmented effect, suggesting interaction of both cellular and humoral immune responses. 
(5) Vaccination with a crude extract of I. holocyclus larvae conferred substantial cutaneous immun-
ity against the tick in guinea pigs. 
(6) Circulating homocytotropic and precipitating antibodies were only detected in guinea pigs which 
had received a total of 4-5 infestations of larvae. 
(7) Acquired cutaneous immunity against I. holocyclus was also demonstrated In the rabbit and 
man, but a basophil response was not seen. Immunity was not acquired by the rat or the bandicoot. 
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GENERAL SUMMARY 
(1) New methods for the laboratory culture of the tick I. holocyclus were developed, in particular 
the mass production of small constant-humidity chambers containing 200 larvae. These enabled a 
quantitative experimental model of tick feeding in the guinea pig to be studied. 
(2) The previously unreported phenomenon of acquired cutaneous immunity to I. holocyclus in 
the guinea pig was studied in detail. When larvae were fed on unexposed animals they were observed 
to feed successfully and detach fully engorged with blood. Following this primary infestation, how-
ever, a long-lasting immunity to further infestations was seen. Subsequent doses of larvae given to 
these sensitized guinea pigs largely failed to survive, dying in situ after feeding on the skin for 
48-96h. 
(3) Larvae feeding on immune guinea pigs provoked an unusual delayed-onset cutaneous hypersen-
sitivity reaction which was characterised by the presence of large numbers of basophils and appeared 
to exert a lethal effect on the ticks. A modified method of Giemsa staining allowed detection of 
basophils in paraffin-embedded histological sections. 
(4) The immunity against larval feeding was transferred with lymphoid cells in syngeneic guinea 
pigs. Immune serum transferred the ability to respond with a mild cutaneous basophil reaction but 
caused only minor rejection of larvae. The simultaneous administration of cells plus serum gave an 
augmented effect, suggesting interaction of both cellular and humoral immune responses. 
(5) Vaccination with a crude extract of I. holocyclus larvae conferred substantial cutaneous immun-
ity against the tick in guinea pigs. 
(6) Circulating homocytotropic and precipitating antibodies were only detected in guinea pigs which 
had received a total of 4-5 infestations of larvae. 
(7) Acquired cutaneous immunity against I. holocyclus was also demonstrated in the rabbit and 
man, but a basophil response was not seen. Immunity was not acquired by the rat or the bandicoot. 
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Chapter 1. GENERAL INTRODUCTION 
1.1 Importance of diseases caused ~Y arthropod ectoparasites 
It is not always possible to accurately divide parasitic organisms into ectoparasites, living on 
the body surface, or endoparasites, living within the body. For example, some acari, like the 
scabies mite, may burrow right into the skin. The term ectoparasite, however, has come into general 
use to describe species of parasites which live on the skin of their host feeding on surface scales and 
debris or on blood and fluids obtained by piercing the epidermis. The vast majority of ectoparasites 
belong to the phylum Arthropoda and include the largest class, the Insecta, of true insects such as 
flies, mosquitoes, fleas, bugs and lice, the class Myriapoda of centipedes and millipedes and the class 
Arachnida of spiders, ticks and mites. The arthropod class Crustacea are mostly aquatic creatures 
such as lobsters, crabs, shrimps and prawns although included in this group are some which are 
ectoparasitic on marine mammals. Some arlhropods, for example lice and mange-mites, complete 
their entire life-cycle on their host's skin and will die if removed from them. Others, such as the 
biting flies and mosquitoes, only approach a host to quickly feed when they are hungry. In between 
these extremes are those arthropods, like the fleas and ticks, which spend part of their life-cycle 
feeding on a host and the rest of their development in the terrestrial environment. 
Arthropods may cause disease by a variety of mechanisms, more than one of which may be 
implicated simultaneously (Rook, 1968). 
(a) Mechanical trauma 
The puncture wound or laceration produced by penetration of the skin seldom causes serious 
disturbance to the host. The amount of trauma, however, depends on the arthropod's mouthparts 
and feeding methods. Biting lice (Mallophaga), which apparently only feed on scales and other 
debris on the surface of the skin, can be responsible for severe annoyance simply by their movements 
over the skin. The host may thus rub and scratch and produce self-inflicted damage to its skin and 
hair coat. Sheep infested with the louse Damalinia ovis (L.) will severely tear their fleece and the 
reduced vc:lue is a source of great economic loss to the wool industry. The deep probing of the 
needle-like proboscis of the mosquito seldom causes visible haemorrhage but the incising mandibles 
of certain biting flies may leave a painful wound which bleeds profusely. The constant mechanical 
' irritation from such biting insects will disturb the sleeping and feeding patterns of animals as they 
scratch, rub, bite and restlessly move around. Weight loss may follow with reduced production of 
milk and meat etc. The Buffalo Fly Siphona exigua (de Meyere) is an example of such an arthropod 
which causes enormous worry and loss to the cattle industry in northern Australia and Indo-China 
(Roberts, 1952). 
(b) Injection of toxic substances 
Many arthropods inject pharmacologically active substances which may produce severe local 
damage or a sting with systemic effects (scorpions, spiders) or milder responses which may only 
threaten when the number of stings is large (bees, wasps, ants). Many arthropod venoms contain 
histamine, haemolysins, hyaluronidase and pharmacologically active polypeptides. These venoms may 
be injected for self-defence, to paralyse or to kill the prey (Benjamini & Feingold, 1970). Th.e primary 
reaction to the bites of most other species is usually imperceptible. 
(c) Injection of normally harmless substances into previously sensitized hosts 
When an individual is bitten for the first time by certain arthropods whose salivary 
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secretions contain no directly injurious substances, there is usually no detectable reaction. If 
the host is capable or being sensitized, however, subsequent bites will be followed by an 
allergic reaction to antigens in the saliva. This reaction may be a local or systemic anaphylaxis 
owing to the presence of homocytotropic antibodies or it may be a local delayed hypersensitivity 
mediated by sensitized cells. Sometimes they both appear. The type of reaction is influenced by 
many factors including the susceptibility of the host and the species of arthropod. Mosquito bites 
in sensitized humans usually provoke an immediate weal reaction whereas flea bites ara usually 
followed 24 hours later by a delayed hypersensitivity papule (Rook, 1968). These immunological 
reactions are mostly accompanied by pruritus, whereby the damage to the skin may be greatly 
exacerbated by subsequent scratching and rubbing and perhaps then secondary bacterial infection. 
Infestation of the skin by the scabies mite Sarcoptes in man and animals is characterised by the 
rapid development of hypersensitivity and the skin lesions of this important disease are largely 
self-inflicted because ofthe intolerable itching (Rook, 1968). 
(d) Invasion ofthe host's tissues 
The mange mites are common invaders of the superficial layers of the skin. They burrow 
into the stratum corneum where they feed, lay eggs and defaecate, but most of the clinical signs 
are in fact caused by the above-mentioned allergic mechanisms. Demodex mites live deep in the 
hair follicles often as harmless commensals, but, when their population dramatically increases in 
demodectic mange, distension or rupture of the follicles into the dermis may occur with resultant 
foreign-body inflammation and secondary infection. The most serious arthropod invaders of the 
skin and underlying tissues are the myiasis-producing larvae of certain flies . Usually these larvae 
hatch from eggs laid on the skin by the flies, whereupon they feed and destroy tissue with great 
rapidity. ' 'Blowfly strike' ' is the major ectoparasite disease of sheep in Australia and many 
other countries; affected sheep not only lose wool and areas of necrotic skin but may also show 
toxic symptoms which can lead to death. 
(e) Transmission of disease 
At least 80% of all infectious disease is arthropod-borne (Soulsby & Harvey, 1972). Blood-
sucking arthropods are responsible for transmitting malaria, babesiosis, filariasis, typhus, encephalitis, 
and many other major diseases of man and animals throughout the world. It is as vectors of disease 
that arthropod infestations command such attention in the epidemiology of numerous important 
infections. Tick-fever in cattle, transmitted by the tick Boophilus microplus (Canestrini), is a 
serious problem in northern Australia. 
(f) Loss of blood 
Haemotophagous arthropods frequently infest animals in such large numbers that anaemia 
may result and eventually death. Heavy infestations with ticks are notorious in this regard as each 
female ingests approximately 1.5 ml blood and a burden of 5,000 ticks is by no means uncommon 
in cattle (Roberts, 1952). Even sucking lice may be present in such quantity as to cause severe 
anaemia in animals. Standfast & Dyce ( 1968) observed in a herd of cattle that each beast lost 
166 ml blood per night from mosquito bites. These can attack in vast numbers so that 70,000 
may bite a single animal each 24 hours (Tatchell, 1969a). 
The above-listed mechanisms, acting singly or together in a host, allow arthropod parasites 
the status of one of the principal causes of disease in man and particularly in animals. The study 
of factors which may influence the host-parasite relationship is thus likely to be of eventual benefit 
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to public health or animal production a~ the literature to date in this field is rather ~cant. 
1.2 Feeding mechanisms of arthropod ectoparasites 
Little has been published on the feeding mechanisms of those arthropods which feed on 
superficial skin scales and debris- mange mites, biting lice etc. Their mouthparts may be adapted 
for chewing (Lapage, 1956) or there may be secretion of saliva onto the surface and subsequent 
sucking up of the pre-digested material (Sweatman, 1957). Observations on surface Cheyietiella 
mites have shown that they are capable of firm attachment to the epidermis and can engorge clear 
fluid from the host (Foxx & Ewing, 1969). 
Because of their important role as vectors of infectious disease, feeding mechanisms of the 
blood-sucking arthropods have been extensively reported, including several comprehensive reviews 
of the subject (Dethier, 1957; Arthur, 1965; Tatchell, 1969a; Hocking, 1971). These parasites can 
be divided into two main classes: ( 1) those which feed rapidly on the host, I ike mosquitoes, and 
(2) those which feed slowly whilst remaining attached to the host, like ixodid ticks. Tissue fluids 
other than blood, however, are usually also taken up during the feeding process (Sutton & Arthur, 
1962). There are two basically different types of blood-feeding mouthparts too. The first has a 
single and usually broad channel extending distally from the definitive mouth and serves to convey 
both the salivary secretion outward and, alternately, the blood meal inward. This type is found in 
the mites and also the ticks, in which it is formed from the hypostome below and the chelicerae 
above; the salivarium, carrying the opening of the salivary glands, is withdrawn into the body of 
the parasite. The second type of feeding apparatus,found in most insects, has two channels extend-
ing forward or downward from the mouth- a small dorsal one through which blood is ingested and 
a ventral smaller one through which saliva is passed out into the host. 
Two variations in feeding procedure are also found. ( 1) Those arthropods whicl; insert the 
tip of the food canal with some precision into a capillary blood vessel of the host and are referred 
to as vessel feeders. (2) Those which cut and stab with their mouthparts and feed on extravasated 
blood from damaged blood vessels; these are known as pool feeders. Lavoipierre ( 1965) proposed 
'~solenophages" and "telmophages" respectively to describe these two types of feeders. It has been 
shown that vessel feeders include sucking lice, Siphunculata (Lavoipierre, 1967), bugs (Lavoipierre, 
Dickerson & Gordon, 1959; Dickerson & Lavoipierre, 1959a), fleas ( Lavoipierre & Hamanchi, 1961), 
most mosquitoes (Griffiths & Gordon, 1952) and the sheep ked Melophagus ovinus ( L.) (Nelson & 
Petrunia, 1969). Pool feeders include ticks (Gregson, 1960), march flies (Dickerson & Lavoipierre, 
1959b), stable flies (Lavoipierre, 1965) and tsetse files (Gordon, Crewe & Willett, 1956). 
The role of saliva in the feeding process is not fully understood. Hudson, Bowman & Orr 
(1960) showed that cutting the salivary duct of mosquitoes prevented the development of host 
allergic reactions but did not stop successful feeding. Lester & Lloyd ( 1928) showed that although 
the tsetse fly has an anticoagulant in its saliva it can feed successfully and repeatedly following the 
cutting of the salivary duct, again without causing host allergic reactions. Clearly, it is the 
arthropod's saliva which contains antigens responsible for the development of hypersensitivity 
by the bitten host. 
The feeding mechanisms of ticks have recently been reviewed by Arthur ( 1970, 1973). 
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Ticks fall into two morphological groups· the argasid or soft ticks and the ixodid or hard ticks. 
The argasid ticks feed quickly from the host in Y.-2 hours and then detach themselves ( Lavoipierre 
& Riek, 1955). The ixodid ticks require several days to complete feeding and, with the exception 
of some species of Ixodes, attach themselves to the host's skin with a cement substance derived 
from their salivary glands (Moorhouse, 1967). The source, formation and function of this cement 
have attracted an inordinate amount of research attention but disagreement is common (Chinery, 
1973). It is released as a latex-like secretion which hardens and anchors the penetrated mouth-
parts to the host's epidermis. Ticks with long mouthparts, such as Amblyomma, Hyalomma and 
Aponomma, insert them through the epidermis into the dermis where they become surrounded by 
a cone of cement. Ticks with short mouthparts, such as Dermacentor, Boophilus, and Rhipicephalus, 
do not penetrate through the epidermis and the cement is deposited superficially. The genus 
Haemaphysalis inserts its mouthparts just beyond the epidermis but the cement is largely on the 
surface. No cement is produced by the salivary glands of such species as Ixodes ricinus (L.) and 
Ixodes holocyclus (Neumann), the mouthparts of these ticks being inserted deep into the dermis and 
held by the barbed teeth of the hypostome (Moorhouse, 1971). The depth of penetration by each 
species of tick is surprisingly constant irrespective of the stage of development, i.e. larvae, nymphs 
and adults. The details of the anatomy of tick mouthparts and their function during feeding have 
been published (Gregson, 1960 ;Kemp & Tatchell, 1971). 
Whether they produce cement or not, the mechanisms of skin penetration by ticks are 
basically similar. They begin by pressing the tips of the chelicerae against the skin of the host and 
then cut it by alternate movements, rather like a mole digging. The hypostome enters the skin 
passively with the actively thrusting chelicerae. The whole process of attachment is rapid and, in 
those ticks which produce it, cement secretion is begun immediately with later secondary deposition 
when the tick nears engorgement (Moorhouse & Tatchell, 1966). In the rapidly feeding argasid ticks 
there is evidence that their saliva contains anticoagulants and proteolytic enzymes which allow 
considerable haemorrhage to provide a meal of blood. In the ixodid ticks, some, such as I. ricinus 
(Foggie, 1959) and Ixodes holocyclus (Kaire, 1966). secrete an anticoagulant into the saliva. Others 
including B. microplus (Tatchell, 1967) and Dermacentor andersoni (Stiles) (Gregson, reported by 
Tatchell, 1969a) contain no anticoagulants or tissue-destructive enzymes. With a single feeding 
channel only, it is not surprising that ticks spend alternate periods either sucking up food or 
regurgitating saliva (Gregson, 1967; Tatchell, Carnell & Kemp, 1972). A major function of the 
salivary glands in ixodid ticks has finally been elucidated as one of ion and water balance (Tatchell, 
1967, 1969b; Kaufman & Phillips, 1973). Blood-sucking arthropods ingest more water with their 
diet then they require for metabolism and survival. It is necessary for them to eliminate much of 
the water content of the ingested blood together with a proportion of the dissolved electrolytes 
which would otherwise cause osmotic and ionic imbalance. Many insects eliminate unwanted water 
via their Malpighian tubules. Argasid ticks excrete excess fluid by their coxal glands. In the ixodid 
ticks, however, the excess water and ions are largely returned to the host by the salivary glands. 
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Using D. andersoni, Kaufman & Phillips ( 1973) have clearly outlined the whole process. Of the 
total blood plus tissue fluid meal ingested by the tick, about 80% is excreted via the faeces and 
saliva. Much of the host blood passes directly through the gut and emerges as faecal droplets 
which rapidly ciry on the host's skin. Of the total water excreted by the tick, 75% is returned by 
salivation to the host's tissues, 22% is lost in the faeces and 3% is evaporated from the surface of 
the tick cuticle. Most of the unwanted sodium ions are excreted in the saliva but potassium ions 
are removed via the faeces. Sutton & Arthur ( 1962) showed I. ricinus ingested non-blood tissue 
fluids during most of the time spent feeding on the host. Depending on the skin reaction of the 
host, large numbers of leucocytes may also be ingested, particularly in the middle stage of feeding 
(Tatchell & Moorhouse, 1968). It is not until the final day that whole blood predominates as the 
meal. The feeding lesion of B. microplus in cattle was emphasised as being an interaction between 
the tick and its host, not the result of simple mechanical trauma, enzymic tissue digestion or 
-
straight inflammatory reaction. The tick is adapted to feeding on immunologically sensitized 
hosts which produce a leucocyte-rich cutaneous hypersensitivity response. Fully engorged ticks, 
and particularly the larvae, may have a creamy-yellow colour indicating that whole blood is not 
the essential diet. 
Much has been written about factors which influence when and where arthropods will 
attach to their hosts (Hocking, 1971 ). Undoubtedly there appear to be preferred areas of skin, 
particularly around the head and neck, but these sites vary greatly according to the species of both 
parasite and host. The thickness and blood supply of the area may be important but scientific 
evidence is lacking for most suggested mechanisms. Despite intensive searches for chemicals and 
hormones which may attract blood-sucking arthropods, nothing proves to be as attractive as the 
intact animal. This suggests that they recognise the entire body and its complex of effluvia, not 
any specific indicator, as evident by the fact that mosquitoes can discriminate between men, women 
and children and even between one individual and another. 
Finally, the feeding mechanisms of arthropods are closely linked with the traPsmission of 
disease organisms which often tend to locate in their salivary organs. An example is the develop· 
ment of the tick-fever protozoon Babesia argentina in the cattle tick B. microplus (Riek, 1966). 
The organism is obtained by the adult tick feeding on infected blood from cattle who are carrying 
the disease. The organisms develop inside the tick after its detachment from the host and 
ultimately reach the eggs which are laid. They remain in the hatching larvae until maturing in the 
salivary glands to a stage where other cattle will be infected after the new ticks have been feeding 
for 2·3 days. Some disease organisms do not multiply within arthropods but may be carried by 
them from one host to another as they take repeated blood meals from different animals e.g. biting 
flies and mosquitoes. This is known as mechanical transmission (Roberts, 1952). 
'I 
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1.3 Host responses and resistance or immunity to arthropods 
As mentioned in Chapter 1.1, a host may become sensitized to one or more antigens 
present in arthropod saliva and elicit cutaneous hypersensitivity reactions when bitten thereafter. 
Indeed it is not always necessary for the host to be bitten. Mere superficial contact with the 
urticating hairs and spines of caterpillars, cocoons and adult forms of some species of Lepidoptera 
insects may cause irritant or allergic skin reactions in man and animals. Ingestion of a variety of 
arthropods, including lobsters, prawns, crabs and some insects which serve as food for man, may 
also evoke allergic reactions in sensitized individuals. Even inhalation of arthropods is currently 
attracting renewed attention since certain species of house-dust mites have been implicated in 
causing respiratory conditions of the asthma-type. The whole subject of immune reactions to 
arthropods has been excellently reviewed by Benjamini & Feingold (1970). However, whether the 
arthropod ectoparasite bites, stings, punctures the skin, defaecates on the skin or migrates through 
the body tissues, the basic reactions of the host are similar. These reactions are protective mechan-
isms directed (hopefully) against the parasite itself, its secretions or its excretions (Gaafar, 1966). 
The responses, however, do not always have an immunological basis. 
There is often innate resistance to the parasite which may be non-immunological and which 
varies according to the species of both the host and its attacker. For example, most lice are very 
host-specific and if placed on a foreign species of host will not feed (Roberts, 1952). Many ticks 
will only feed on their natural host under normal circumstances but may be forced to feed on 
laboratory animals if prevented from leaving e.g. cattle ticks feeding inside protective capsules on 
mice (Stone & Knowles, 1973). Grooming by the host plays a vital role in stabilizing the popula-
tion of ectoparasites (Murray, 1961 ). Sensory perception of the arthropod crawling on the skin 
surface and through the hair is often enough to encourage efficient removal by the host, or its 
colleagues, grooming with teeth, tongue and claws. Mice with a steady infestation of the louse 
Polyplax serrata (Burm.) developed overwhelming numbers of lice if handicapped by paralysis or 
limb amputation (Bell, Jellison & Owen, 1962). The presence of a few normal mice, however, 
resulted in reduced louse populations owing to social grooming. Similar observations of infesta-
tions with the mite Myobia musculi (Schrank) in mice have been reported (Fraser & Waddell, 1974). 
Mice kept individually isolated also developed increased mite numbers on the head and shoulders, 
suggesting that these inaccessible areas are normally groomed by cage-mates. Genetic variation in 
susceptibility to louse infestation was demonstrated in various strains of mice (Clifford, Bell, Moore 
& Raymond, 1967). Removal of parasites may even be carried out by unrelated assistants- the ox-
peeker birds of Africa will remove and eat engorging ticks off the skin of cattle. Other non-
immunological sensory mechanisms of resistance to arthropods include tail-flicking- particularly by 
horses against biting flies; twitching of the cutaneous muscle; rubbing against trees and fences; and 
many non-specific avoidance routines. 
Immunological defence mechanisms against arthropods may not necessarily be more important 
but they are usually more obvious because the result may be seen with itching and visible skin 
reactions. It should be mentioned that animals may develop immunity to the injected toxins of 
venomous arthropods. Animals naturally exposed to the Australian Paralysis Tick I. holocyclus can 
l 
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develop protective antibodies to the paralyzing toxin (Oxer & Ricardo, 1942). Antivenenes can 
also be produced by vaccination of animals with extracts of some spider and tick venoms 
(Sutherland, 1974). 
Cutaneous hypersensitivity reactions to arthropod bites may, in sotne way, provide an 
unfavourable feeding site for those parasites which remain long enough on the skin to be affected. 
This means that certain tissue-invading insect larvae, ixodid tick and perhaps some mite and insect 
infestations may be reduced or terminated in hosts which have become sensitized to them. Sur-
prisingly little evidence is available to support this hypothesis. Weisbroth, Wang & Scher (1973) 
showed that rabbits develop immunity to the myiasis-producing larvae of Cuterebra flies. Trager 
(1939) demonstrated that one infestation of guinea pigs with larvae of the tick Dermacentor 
variabilis (Say) induced an acquired immunity which prevented subsequent batches of applied 
larvae from engorging. He described an intense inflammatory reaction at the site of ticks feeding 
on immune animals and thought that this might wall off the blood supply. Allen (1973) confirmed 
this work using D. andersoni larvae. Similar findings with ticks have appeared in the Russian litera-
ture (Pogorelyi, 1966; Musatov, 1969; Garin & Grabarev, 1972). Resistance in sheep to the ked 
M. ovinus was thought by Nelson & Bainborough ( 1963) to be mediated by long-lasting cutaneous 
arteriolar vasoconstriction. Branagan (1974) suggested three poorly defined mechanisms operate in 
resistance to Rhipicephalus appendiculatus (Neum.) in rabbits. Roberts (1968a) showed that 
resistance to the tick B. microplus in cattle is acquired and is immunological, at least in part. Riek 
(1962) thought that the skin reactions in cattle were a hypersensitivity response which proved 
unfavourable to the ticks. The exact mechanisms are still undecided, however (Tatchell, 1969a). 
It seems probable that allergic sensitivity develops in many cases of human and animal scabies but 
it is not clear what role this plays in the natural course of the disease. Histological evidence has 
suggested that the oedematous inflammatory response is unfavourable to the mite (Rook, 1968). 
Another mechanism by which hypersensitivity to arthropod bites may provide resistance is 
the desire of the host to scratch or rub the itchy skin reactions. In effect, this is a potentiation of 
the normal sensory reaction to scratch off parasites felt moving on or biting into the skin. This 
has been shown by Boese (1974 and personal communication) with resistance to the tick Haema-
physalis leporispalustris (Packard) in rabbits. Few studies, however, have quantitated the letnal 
effect on parasites caused by grooming or rubbing the allergic reactions accompanying their attach-
ment. Bennett (1969) confirmed that tick-resistant cattle which were prevented from grooming 
themselves by means of a harness returned dramatically increased numbers of live ticks. 
Nonetheless, the majority of cutaneous hypersensitivity reactions to arthropod bites are 
not only ineffective, because the parasite feeds too quickly and is gone by the time pruritus begins, 
but positively harmful. The discomfort and unsightliness of the skin response can, in effect, 
become a pathological condition in themselves and may be made much wo1"Se by self-inflicted 
trauma. Examples are too numerous to list here but include allergic reactions in man to midges, 
mosquitoes, bedbugs and fleas (Rook, 1968). In animals, several common skin diseases are in 
fact the aftermath of useless, non-protective arthropod hypersensitivity. Queensland Itch in 
horses from the midge Culicoides robertsi (Lee.Reye) (Riek, 1954); Sweet Itch in U.K.horses from 
C- pulicaris (L.) (Mellor & McCaig, 1974); Summer Eczema in dogs from the flea Ctenocephalides 
canis (Curtis} (Kissileff, 1942) and Miliary Dermatitis in cats from C. felis (Bouche) (Muller & 
Kirk, 1969). 
It is proj)osed by the author of this thesis to use the term "resistance" when describing 
defence mechanisms against arthropods which are, in general, not acquired and of a non· 
immunological nature i.e. innate species-related, behavioural or physiological. The term 
"immunity" will be used only to describe those mechanisms which are convincingly acquired 
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and of an immunological nature i.e. require a period of immunization after initial exposure to 
arthropod antigens and show evidence of cell-mediated or antibody-mediated immunity. The 
terms are not mutually exclusive, of course, as both mechanisms may be operating simultaneously 
in any one host. 
1.4 Laboratory models of immunity against arthropods 
Ogilvie (1970) stated "the immunology of ectoparasites has been almost completely 
neglected". Whilst a survey of the literature points to this being basically correct, the few studies 
of host-arthropod interactions where laboratory animals have been used show clearly the advan-
tages. They are : ( 1) statistically adequate numbers of experimental animals including controls, 
(2) use of inbred and outbred strains of animals, (3) availability of standardized immunological 
techniques and (4) economic feasibility of housing, feeding and sacrificing animals. The main 
difficulty to be overcome is that of finding a suitable species of arthropod which willingly feeds 
on the chosen laboratory animal. Better progress has been made in understanding the basic 
mechanisms of immunity to helminth parasites in recent years and this is largely due to the use 
of standardized laboratory models e.g. Trichostrongylus colubriformis in the guinea pig, 
Nippostrongylus braziliensis in the rat and Trichinella spiral is in the mouse (Soulsby, 1970; 
Ogilvie, 1970; Ogilvie & Jones, 1973). 
The outstanding achievement in the study of arthropod immunity was the work begun by 
Benjamini. Feingold & Kartman (1960) on allergy to flea bites (reviewed with interesting additions 
in 1968 by Feingold, Benjamini & Michaeli). Although the host response in this model was non-
protective against the parasite, it served to illustrate the sequence of immune responses. Guinea 
pigs were first exposed daily to infestation of the cat-flea C. felis; after 10 days they were then 
exposed to flea-bites approximately twice a week for several months. During the first 4 days, no 
skin reactions to the bites were observed. Between the 5th and 9th days most animals exhibited 
delayed hypersensitivity skin reactions characterised histologically by a diffuse mononuclear cell 
infiltration of the dermis. From the 9th to 60th days, most animals reacted with both immediate 
and delayed hypersensitivity having histological evidence of an early infiltration by eosinophils as 
as well. Between the 60th and 90th days most animals reacted with only an immediate allergic 
reaction and eosinophils dominated the histological picture. After 90 days most animals became 
refractory to the flea bites and exhibited no further skin reactions. Benjamini and co-workers 
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collected large amounts of the arthropod's saliva by allowing fleas to feed through a membrane 
on distilled water. It could be lyophilized to a greenish dried substance which was hygroscopic 
and became gummy on exposure to air. Guinea pigs were successfully sensitized to flen bites by 
the dialysable, heat stable extract of salivary secretion but only if an adjuvant such as complete 
Freund's or collagen (at acid or basic pH) was used. They postulated that a low molecular weight 
hapten was present in the flea saliva which, when conjugated to skin collagen at the bite site, 
became immunogenic. A state of hyposensitization was achieved by injection of large doses of 
this hapten. This work with flea hypersensitivity in guinea pigs has not been surpassed and still 
forms the basis of most review articles on the subject of arthropod immunity. It is greatly in need 
of being repeated with a more up-to-date immunological approach. 
On a smaller scale, other laboratory models of arthropod immunity have been useful and 
the work of Trager ( 1939) on tick immunity in guinea pigs remains one of the major early con-
tributions. He claimed to be able to vaccinate with tick extracts and also transfer the immunity 
with serum although the results might not stand up to statistical analysis now. Allen ( 1973) 
showed that basophils play a part in guinea pig skin reactions to tick bites and that administration 
of methotrexate could suppress the acquisition of immunity . The laboratory rabbit has also been 
firmly shown to develop immunity to ticks and serum antibodies to tick salivary gland antigens 
have been demonstrated from such animals (Kohler, Hoffman, Horchner & Weiland, 1967; Weiland 
& Emokpare, 1968; Gfeller, 1971; Boese, 1974; Branagan, 1974). Immune reactions to mosquito 
bites have always attracted attention, particularly in humans and rabbits (McKie! & West, 1961 ). 
Successful transfer of delayed-type hypersensitivity to mosquito bites was achieved with lymphoid 
cells by Allen in 1964 who also transferred immediate hypersensitivity to mosquitoes with immune 
serum in various laboratory animals. Details of these and other significant experiments on arthropod 
immunity have been thoughtfully reviewed by Feingold, Benjamini & Michaeli ( 1968). 
Most of the literature so far cited has been concerned with host reactions to arthropod bites 
from the point of view of the host. Little, however, has been written on host reactions from the 
point of view of the biting arthropod itself, except for ticks. Tatchell & Moorhouse, (1968) showed 
that B. microplus may actually benefit from the immune skin reaction in cattle by happily ingesting 
the increased tissue fluids and large numbers of leucocytes at the bite site. It is possible that many 
other examples of slow-feeding arthropods benefiting from the immune skin reaction will be found. 
Usually the host reaction has been reported as having deleterious effects on ticks feeding from 
immune animals. This is manifest by the ticks failing to attach and feed (Roberts, 1971) a greatly 
reduced intake of blood or a prolonged time required for engorgement (Branagan, 1974). Apart 
from suggestions that the host's hypersensitivity reaction might "wall off" the blood supply 
(Trager, 1939) or that histamine release might play some role (Riek, 1962), there have been no 
investigations of the obvious pathological effects on the ticks. 
It must not be forgotten that laboratory models of infestation by arthropod ectoparasites 
will fail to reproduce the stable relationship between host and parasite which occurs in the 
natural environment where feeding will be mostly from hosts with regular exposure to bites. In 
this situation it is inevitable that the parasite must become adapted to the host response, whether 
favourable or deleterious, because evolution and adaptation are not concerned with the fate of 
individual parasites but the survival of both th~ host and its parasite in a stable relationship 
(Tatchell, 1969a). In many cases, the development of host immunity will operate a teed-back 
control to offset the high reproductive potential of the parasite (e.g. approximately 5,000 
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eggs laid by ea~h female tick) . In this way the host is protected from overwhelming parasitic 
challenge whilst the parasite retains its ability to overcome climatic or other set-backs by reason 
of its ability to multiply rapidly. Dineen (1963) proposed the concept of a threshold level of 
antigenic stimulation in a stable host-pnrasite relationship characterised by subliminal tolerance 
of a certain parasite burden. Despite early sensitization, only a rel atively large parasitic infection 
will exceed the threshold and trigger immunological mechanisms aimed at destroying the attacker. 
During evolution of the host-parasite balance it is postulated that many of the parasite antigens 
which stimulate the immune response of the host will become modified. This immunological 
selection will only affect antigens which stimulate responses influencing the survival of the para-
site. Many parasite antigens, however, are irrelevant in this regard. Circumstantial support for 
this argument is provided by the frequently reported failure to observe a correlation between 
circulating antibodies and resistance in many parasitic infections. These theories assume a long 
evolutionary association between the host and the parasite which will not exist when man's 
activities present non-adapted hosts with new parasites. Thus the cattle tick B. microplus seems 
well adapted to its natural hosts Indian cattle (8os indicus) because of the host's resistance (only 
2% tick survival) . European cattle (8os taurus) introduced into tick areas present an acute problem 
because the host is unable to control the numbers of ticks successfully feeding (10-20% tick 
survival). Laboratory models can provide extreme examples of efficient host resistance but it will 
be more interesting to compare studies on "natural" and "unnatural" hosts. Unfortunately the:re 
is a paucity of comparative information. For a summation of these and other current ideas on 
host-parasite interactions related to the feeding of blood-sucking arthropods, Tatchell's review 
(1969) is recommended. 
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1.5 The choice of the tick Ixodes holocyclus 
Any experimental study of host reactions to an arthropod will depend on the availability 
of a manageable laboratory colony of the chosen parasite. It is here that practical husbandry 
difficulties mitigate against many of the common arthropod pests e.g. mosquitoes, fleas and lice. 
Immunologists seem to avoid dealing with creatures that fly, jump and bite. Ticks present 
attractive advantages in this regard as they can often be cultured in the laboratory without pro-
hibitive expense and many methods have been published (Barnett, 1972). Their main asset is the 
ability to survive long periods of storage in simple containers without any feeding or attention 
whatsoever. They do not fly or jump and can be handled with comparative ease. 
Initially the author chose the tick I. holocyclus for the simple reason that an established 
laboratory colony was already available at a neighbouring research institution. Prelirnir.ary 
experiments soon showed that this parasite possessed several uniquely favourable features which 
will be discussed in detail throughout this thesis and briefly here. ( 1) It is a remarkably catholic 
feeder and will readily feed without restraint on most mammals and some birds, unlike many other 
ticks which are relatively host-specific. (2) It does not secrete a cement substance around the 
mouthparts, thus reducing the number of antigens introduced into the host and avoiding what has 
become a rather tedious preoccupation among those who study the ixodid ticks. (3) It remains 
attached to the host, by simple mouthparts, for about 5 days whilst feeding and can be continuously 
observed during the process. (4) The larvae provoke a minimal skin response in the non-sensitized 
host and will detach fully fed before there has been time to mount an immunological defence. Thus 
any skin reactions seen in sensitized animals can be assumed to be largely of immune nature. 
(5) Cutaneous immunity to the tick is rapidly developed by guinea pigs and rabbits, an observation 
of the author's which has not previously been reported. (6) Unlimited supplies of engorged females 
may be available from areas of the eastern coast of Australia where dogs are used as hosts for the 
tick in production of paralysis anti-toxin. (7) It can be cultured in the laboratory and fed wholly 
on laboratory animal$. 
1.6 Aims of the experimental study 
The earlier parts of this chapter have outlined current areas of interest in the study of 
immunity to arthropod ectoparasites. The subject was relatively unexplored and thus a 
strictly pragmatic approach was used from the beginning. It is therefore to be expected that 
many of the experiments were undertaken on a pilot basis with detailed elaboration reserved 
for phenomena which had promise as key roles in the host-parasite relationship. Much of the 
work is by nature methodology, for example at least one-quarter of the time spent on the 
project has been devoted to exploring, maintaining and improving ways of culturing the tick. 
Apart from acknowledged help, no regular technical assistance was available to the author and 
techniques had to be found which could be operated single-handed and without expensive 
equipment. It was therefore decided to freely explore as many avenues of the tick-host 
interaction as possible with particular attention to the elucidation of immunological mechanisms 
provoked in the guinea pig. A major study of the histopathology of the skin reactions was 
anticipated as previous studies have tended to neglect it. 
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Chapter 2. THE LABORATORY CULTURE OF Ixodes holocyclus 
2.1 Introduction 
Tick colonies are kept in laboratories for three main reasons: ( 1) to test their suscepti-
bility to acaricides (2) to study their biology and physiology and (3) to study them as disease 
vectors. Whenever repeatable experiments are required, it is important to have a large supply of 
all developmental stages with adequate batches of ticks of standard age and proven viability. In 
addition, the seasonal habits of most ticks preclude the year-round collection of wild-caught 
specimens. All ticks require a meal of blood before egg-laying or moulting to the next instar and 
it is thus necessary to use animal hosts which are attractive to and not immune against the par-
ticular species of tick being cultured. Attempts to induce ticks to feed through artificial mem-
branes have largely failed (Feldman-Muhsam, 1964). Various methods have been described for 
the laboratory culture of ticks, the most recent and useful review of the subject being that of 
Barnett (1972). Because of the extremely varied biological and environmental requirements of 
the different species of ticks, no general method will suffice and there is no substitute for trial-
and-error in determining the best culture technique for unusual species. A good understanding 
of tick anatomy, physiology, feeding and reproduction can be gained from the excellent mono-
graphs of Till (1961), Arthur (1962) and Balashov (1972). 
With these limitations in mind, the author began to explore methods of culturing Ixodes 
holocyclus in the laboratory. Previously published methods for the culture of this tick include 
those of Ross (1924) and Oxer & Ricardo (1942). These authors suggested that I. holocyclus 
requires very humid conditions for its survival but could nonetheless be bred on a large scale. 
Initial supplies ofthe tick were kindly provided by Dr. B. S. Goodrich, C.S .I. R.O. McMaster 
Laboratory, Sydney, from his laboratory colony of I. holocyclus maintained similarly to the 
method of Oxer & Ricardo (1942) . 
This chapter is divided into five parts, beginning with a summary of the biology of the 
tick and followed by the results of the author's laboratory mass production of eggs, larvae, 
nymphs and adults. The methods were developed over a period of 2% years. 
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2.2 Biology of the tick 
I. ho1ocyclus is one of Australia's important indigenous arthropods affecting man and 
animals. First described by Neumann in 1899, it received renewed attention following publica-
tion of the paper by Ross (1924) in which he fully outlined the biology of the tick, re-described 
the adult and nymphal instars and gave the first description of the larva. The tick has long been 
known to cause a fatal paralysis and is commonly named the Australian Paralysis Tick, Scrub 
Tick, Dog Tick or Dog Paralysis Tick. Taxonomically it belongs in the phylum Arthropoda, class 
Arachnida. order Acarina, superfamily Ixodoidea, family Ixodidae, subfamily lxodinae, genus 
Ixodes, subgenus Sternalixodes- all nine species of which occur solely in the Australian zoogeo-
graphic region (Clifford, Sonenshine, Keirans & Kohls, 1973). A detailed description of I. holo-
cyclus is available in the monograph on Australian Ticks by Roberts ( 1970). A Summary of its 
distribution, biology and significance as a parasite of animals can be found in the series edited by 
Albiston (1968). The tick has recently attracted renewed research attention and the report of a 
workshop meeting attended by workers currently interested in I. holocyclus has been published 
(Bagnall & Doube, 1975). 
Natural hosts and distribution in Australia 
I. holocyclus is commonly found on native fauna in eastern Australia. The principal 
natural hosts are the bandicoots (Marsupialia: Peramelidae) with the long-nosed bandicoot 
(Perameles nasuta) predominating in New South Wales and the short-nosed bandicoot ( lwodon 
macrourus) in Queensland. It may also be found on the possum (Trichosurus vulpecula), the 
echidna (Tachyglossus aculeatus), some kangaroos(Macropodidae) and the ~oala (Phascolarctos 
cinereus). The tick wilt feed readily on the dog (Canis familiaris) and can attack man and all the 
domestic animals including birds. 
I. holocyclus is only found along a narrow belt of the eastern coast of Australia as far 
south as Lakes Entrance in Victoria and requires a high rainfall and mild winter. The size of the 
tick population is generally related to the spring rainfall and the frequency of bandicoot hosts. 
There is a cycle of seasonal incidence with a spring rise of adults followed by larvae during the 
summer and autumn and nymphs during the autumn and winter. Adult females may be found in 
reduced numbers throughout the year, however. Bandicoots trapped from tick areas during the 
spring may be found carrying more than 20 females at one time, chiefly clustered around the 
head and neck (Figure 1 a), but usually carry a few at all times of the year. They are normally 
infested simultaneously by many larvae and nymphs, although these are more numerous during 
the appropriate seasons when 500-600 larvae and 50-100 nymphs may be found on the one 
bandicoot (Doube, 1975). These hosts are nocturnal and remain hidden by day in shallow nests 
in the ground which they cover with long grass or straw. It is observed that greater numbers of L 
holocyclus may be found in the vicinity of these nests than in the open vegetation. 
Life-cycle 
I. holocyclus is a three-host tick, each of the three instars (larva, nymph and adult) 
FIGURE 1a. Fully engorged I. holocyclus females attached to a short-nosed bandicoot 
(lsoodon macrourus). · 
FIGURE 1b. I. holocyclus females which have been feeding for one week on the ear of 
a dog used for production of anti-toxic immune serum. 
FIGURE 1c. Female I. holocyclus feeding on a laboratory rat. "Elizabethan" collar 
prevents animal from scratching tick off. 
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emerging on the ground, from where they ~~ek and attach to a new host fer a brief feeding 
period before detaching onto the ground agair.. In the field the natural host would be a bandi-
coot but any mammal may serve for feeding. 
The life-cycle is outlined in Figure 2. Its duration depends on many factors, being 
prolonged by cold weather and scarcity of hosts. The following times for completion of the 
life-cycle were given by Ross ( 1924) : 
Stage of cycle Days required 
Hatching of eggs 49-61 
Larvae harden & wait for host 7-44 
Larvae feed on host no. 1 4-6 
Nymphs emerge from moult 19-41 
Nymphs harden and wait for host 7-31 
Nymphs feed on host no. 2 4-7 
Adults emerge from moult 21 -71 
Adults harden & wait for host 7-77 
Females feed on host no. 3 6-21 
Detached female starts oviposition 11-20 
Total 135- 379 days 
19 
Thus there may be more than one generation of ticks per year under very favourabie 
conditions. The general trend is for an annual cycle with predictable incidences of the three 
instars. The ecology of the tick has been poorly studied and there remains much unknown 
about host and habitat preferences. The role of the adult male I. holocyclus has been elucidated 
by Moorhouse ( 1966). They do not suck blood from animal hosts although they may be. found 
wandering over their skin. Here they are commonly seen coupled to feeding female tic'<s where 
they may be engaged in two separate processes- copulation, or feeding from her by piercing her 
cuticle and sucking hacmolymph. 
Identification of I. holocyclus from other similar ticks 
If introducing wild-caught ticks into a laboratory colony it is vitally important to ensure 
that all new ticks are, in fact, of the same species. The precise identification of ticks is a complex 
task and where any doubt exists a qualified systematist should be consulted. 
A guide to the identification of Ixodes holocyclus adult females is given in Figure 3. The 
main features are : 
( 1) Posteriorly converging anal grooves 
(2) Long mouthparts 
(3) Absence of a sternal plate 
(4) Lack of obvious cornua on the capitulum 
(5) Many deep punctations on the scutum 
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(6) Short cervical grooves 
(7) Rounded scutal margin 
Full descriptions of all ticks which, including 22 species of Ixodes, occur in Australia are 
given by Roberts (1970). Species commonly found on mammals are I. t asmani and L~cialis 
(with short mouthparts); I. holocyclus and I. cornuatus (with long mouthparts but no sternal 
plate) and I. cordifer, I. hirsti and I. trichosuri (with long mouthparts and a sternal plate). I. 
trichosuri is commonly found on possums but can be distinguished by its acutely pointed 
hypostome and the presence and shape of its sternal plate. 
Problem of paralysis in non-habituated hosts 
The work of Ross ( 1926) confirmed that the salivary glands of I. holocyclus secrete a 
toxin which is capable of paralyzing the host animal on which the tick is feeding. A single adult 
female can thus kill a mouse, guinea pig, bandicoot, cat or even a dog. Several can kill a calf 
(Doube, 1975). In New South Wales alone, at least 20 humans have died from tick paralysis this 
century (Sutherland, 1974). Fortunately, animals in regular contact with the tick develop 
neutralizing antibodies to the toxin and can become highly immune to attack by large numbers 
of females. This phenomenon allows the commercial production of hyperimmune serum from 
dogs (Oxer & Ricardo, 1942). The nature of the toxicity of I. holocyclus is still poorly under-
stood but current research indicates that as well as a neurotoxin the tick produces a potent 
cardiovascular toxin capable of causing a fatal syndrome which was formerly attributed to res-
piratory paralysis (J. llkiw, 1975, personal communication). I. holocyclus paralysis is a serious 
problem in domestic animals, particularly non-immune dogs, calves, foals and sheep, which have 
not had the opportunity to habituate themselves to the tick. It is not proposed to deal with the 
toxin in this thesis, however, except insofar as it is the only real disadvantage to using I. holo-
cyclus as a model arthropod. With suitable precautions nonetheless, toxicity can be avoided in 
laboratory animals. At least 500 larvae are required to paralyse a 500g guinea pig and more than 
12 nymphs (Oxer & Ricardo, 1942). When using adult female ticks, care should be taken to 
ensure that the host possesses immunity against the toxin by prior graduated exposure. 
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RESULTS 
2.3 Collection of eggs from engorged adult females 
Because of the enormous reproductive potential of I. holocyclus, it should not be 
difficult to culture the parasite in quantity. The most fruitful source of the tick is, as expected, 
the fully-fed engorged adult female which can lay 3-6,000 eggs. An active search was thus made 
for sources of already-engorged females which would produce larvae from their eggs in large num-
bers and obviate the necessity of finding toxin-immune hosts on which to feed the unfed females. 
Sources of engorged ticks 
Three non-laboratory sources of engorged female I. holocyclus were found. Wild 
bandicoots trapped in local bushland were usually found to have several adult females feeding on 
them, as well as numbers of nymphs and larvae. Four bandicoots, all Perameles nasuta, were 
safely caught in trap-door cages using peanut-butter sandwiches as lures. They were returned to 
the laboratory and placed in wire cages mounted over trays of water for three or four days .. As 
the female ticks neared full engorgement they could be seen protruding from the bandicoot's 
fur (Figure 1a). They were allowed to detach of their own accord and were collected from the 
water below twice daily. Three of the bandicoots were found to be harbouring I. holocyclus 
females and the numbers collected were 3, 5 and 6 respectively. These bandicoots were caught 
during the winter when other supplies of the tick were not available. The engorged nymphs 
and larvae were not collected. The trapping of wild bandicoots, however, is very time-consuming 
and inconvenient. It remains at best an emergency source of engorged I. holocyclus females 
should laboratory supplies become unexpectedly depleted, particularly during the autumn and 
winter. 
The second source of engorged female ticks was found to be those removed from para-
lyzed dogs brought to practising veterinary surgeons for treatment: Several co-operating 
colleagues were able to carefully remove the offending ticks from the dogs' skin and place them 
in a moist environment suitable for ovipositicn. These ticks were not often fully engorged and 
only the larger ones were found to lay eggs. Nonetheless, many ticks and their eggs were 
collected from this source during the first year of the project and even 5 fully engorged ticks 
could provide enough larvae for more than 100 guinea pig doses. Tick paralysis in dogs is a 
seasonal complaint occurring in the spring and early summer. 
The third and most successful source of engorged female ticks was a laboratory near 
Lismore, northern New South Wales, which commercially produced canine anti-tick hyper-
immune serum. Two visits were made to the farm where 2-400 wild-caught I. holocyclus 
females were fed on immune dogs. Many thousands of fully engorged ticks were then available 
for collection when they detached from the dogs in 6-8 days (Figure 1b). An arrangement was 
made for the live engorged ticks to be sent by air-mail to the author in Sydney. Up to 30 
ticks were gently packed between two layers of slightly moistened cotton wool inside a screw-
top 5cm diameter plastic container which was then packed for posting. Unless delayed more 
than 4 days by the postal service, the ticks generally arrived in excellent condition. This 
bountiful source of ticks was unfortunately available from October to December only. 
Engorged I. holocyclus females can be produced from laboratory animals also, 
particularly during autumn and winter when two of the above sources are not operating. 
The methods will be discussed in part 6 of this Chapter. 
Conditions required for maximum egg-laying 
Initially, the method of Oxer & Ricardo (1942) was used. Engorged I. holocyclus 
females were placed on the surface of sterilized moist sand inside gauze-topped glass jars 
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and kept at room temperature. These grape-sized ticks were still able to crawl for some weeks 
and usually attempted to dig shallow holes in the sand where they laid their eggs. Oviposition 
started normally in 1-2 weeks and continued for another 3-4 weeks after which the ticks died. 
This method proved quite satisfactory except for the major disadvantage that the eggs were 
inevitably mixed with grains of sand if removed from the jars for weighing. When it became 
necessary to weigh 1 Omg lots of eggs, sand contamination could not be tolerated and other 
methods for encouraging oviposition were sought. 
Ross (1924) placed the ticks on blotting paper in small tubes. Two problems were 
encountered by the author with this method, those of fungal overgrowth and excessive moisture 
underneath the tick, but many batches of clean eggs were produced in this way. Removal of 
the eggs from the bottom of the tubes was not without difficulty. 
Finally, it was found that if the ticks were suspended on a piece of terylene gauze 
fabric over water-moistened cotton wool in a 2.5cm diameter l:llass tube maximum egg production 
without any fungal overgrowth could be achieved (Figure 5). By this method the body of the 
tick did not come into contact with any wet surface. The oviposition chambers were stored 
inside dessicator jars over a saturated solution of KNO 
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which provided a moist (92-93% relative 
humidity at 25°C) environment without allowing growth of fungi. No provision was made for 
circulation of fresh air in either the chambers ot' the jars as it appeared unnecessarv. High tem-
peratures (over 30°C) were found to seriously interfere with oviposition and egg survival; there-
after the entire tick colony was kept in an air-conditioned room at 22-25°C. 
A variable mortality rate of the engorged females was found. Sometimes 90% of the 
ticks would successfully oviposit but occasionally mortalities would reduce this to 30% or less. 
These specimens frequently turned a black colour after dying and gave a putrefying odour, 
suggesting bacterial decomposition. Deaths mostly occurred before oveposition began but were 
seen during oviposition as well. No satisfactory explanation for these mortalities was found, 
although trauma to the ticks during collection, transport and washing was thought to be an 
important cause. Gentle handling of the ticks without forceps seemed to reduce the problem 
but further investigation of this problem is required. 
Influence of tick size on egg production 
When it became apparent that the above method was providing standardized optimum 
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conditions for oviposition, an experiment was carried out to determine the number of eggs 
laid by the various sizes of engorged female ticks. Fully-fed I. holocyclus adults, obtained 
from dogs at the serum laboratory's farm, were washed, dried and weighed to the nearest 
50mg. They were then placed in the oviposition chambers and stored in the dessicator jars 
with normal hours of daylight. Each chamber was checked at 2-weekly intervals and any 
dead ticks removed. Six weeks after being placed in the chambers the "empty" ticks, often 
still active, were removed and the eggs weighed to the nearest 5mg. No record was made of 
eggs produced by ticks which had prematurely died or turned black. Sixty lots of eggs were 
collected and converted to approximate numbers assuming that 200 eggs weigh 1 Omg (see 
part 4 of this chapter). The results are plotted on the graph in Figure 4. 
There is a clear linear relationship between the weight of engorged I. holocyclus 
females and the number of eggs laid. Within the range 400-700mg approximately one-half of 
the tick's weight is converted into eggs. The 60 ticks in this experiment laid an average of 
4,900 eggs each (range 1,880 - 9,360). The lower range of eggs laid is fully variable and some 
small ticks in the 100-200mg range have been seen to produce only a few hundred eggs. The 
largest number of eggs recorded throughout this project was 10,600 - laid by a tick taken from 
a dog suffering from tick paralysis. As a rule of thumb, the weight of the engorged female in 
milligrams multiplied by 10 will approximate the number of eggs laid. 
NUMBER 
OF 
EGGS 
LAID 
10 
9 
e 
7 
6 
5 
I. 
thousands) 
3 
2 
300 350 1,00 l, 50 500 550 600 650 700 750 800 850 900 
WEIGHT OF ENGORGED Ixodes holocydus TICKS (mg) 
o = mean 
assuming 200 eggs weigh 10mg 
60 ticks kept at 22 - 25°C1 100% rel. humidity 
INFLUENCE OF TICK SIZE 
ON EGG PRODUCTION 
Figure 4 
26 
27 
2.4 Hatching, storage and feed ing of larvae 
When it became obvious to the author that large numbers of larvae would be 
required for cutaneous immunity experiments, attempts to improve the existing methods of 
producing this instar were made. With a view to using some nymphs in further experiments 
and also the desirability of maintaining a self-supporting colony of the tick, alternate methods 
of feeding the larvae and ensuring their ongoing development were investigated at the same 
time. 
Conditions required for hatching of eggs 
I. holocyclus eggs require virtually 100% r.h. for their survival and subsequent hatch-
ing (Oxer & Ricardo, 1942}. This was amply confirmed by the author. In addition, temperatures 
above 35°C were found to soon be lethal to the eggs, which later assumed a glassy red-brown 
colour. Using the method of Oxer & Ricardo (1942}, larvae hatched on moist sand were found 
to slowly move up the sides of the jars and cluster around the neck or on the gauze lid, where 
they survived for 5 months or longer. It was noticed, however, that larvae which were allowed 
to satisfactorily hatch in the previously mentioned oviposition chambers did not survive more 
than a few weeks. Suspecting excessive humidity to be the problem, the larvae were transferred 
without disturbance to vials containing cotton wool soaked with a saturated solution of KN03. 
This new atmosphere kept a constant humidity of 92-93% (O'Brien, 1948} and was found to 
allow survival of the larvae for up to 4 months. It was too dry for the eggs, which would fail 
to hatch in these conditions. 
A standardized routine for hatching batches of 200 larvae was developed and is out-
lined in Figure 5 as follows : 
(1} Engorged female ticks are washed, dried, weighed and placed on a piece of 
terylene gauze fabric (as sold for lightweight white curtains} over a 2.5cm diameter glass vial 
containing a loose plug of sterilized absorbent cotton wool which has been moistened with 
1-2ml distilled water. The ticks are sealed inside the chambers by placing the white plastic cap 
over them and pushing it into the vial, making sure that the gauze is taut underneath to provide 
a floor to the chamber. The assembled chambers are stored in a dessicator jar over a saturated 
solution of KN03 to prevent them from drying out, as the gauze fabric allows a slight exchange 
of air around the cap. 
(2) In 1-2 weeks oviposition begins and any dead ticks are best removed after this 
time. 
(3) Six weeks after being placed in the oviposition chambers, the bodies of the ticks 
are removed to prevent fungal overgrowth. A creamy-white substance excreted by the ticks on 
the gauze floor does not attract fungi and is ignored. The eggs may be briefly removed for 
weighing if desired at this stage and the result is written on the chamber cap. Hatching begins 
3-6 weeks later. During this interval the eggs are examined twice weekly for signs of impending 
hatchment, characterised by a change in colour of the eggs to a lighter opaque brown with a 
visible white spot caused by the presence of guanine crystals in the developing larvae (Arthur, 
1962). Some batches of eggs fail to progress either wholly or in part and are discarded. 
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(4) When the eggs appear to be near hatching and the first few larvae have begun to 
emerge, they are thoroughly mixed with a blunt metal probe while stiil inside the chamber cap. 
The eggs are removed onto moist filter paper in a petri dish which c<m be covered to prevent 
them drying out during weighing into 1 Omg lots on a high-grade analytical balance. It was found 
the 1 Omg equals just over 200 eggs (205 plus or minus 5). The eggs are slightly sticky and can 
be picked up on the end of the probe but the operation of weighing into 1 Omg lots is delicate 
and takes about 1 h to weigh 6,000 eggs into 30 batches of 200. If desired, doses of 400, 800 
or 1,000 larvae can be easily prepared by placing 20, 40 or 50mg eggs into each chamber. 
(5) The small groups of eggs are placed inside clean 1.25cm diameter white plastic 
caps from push-top glass vials. A small piece of the gauze fabric is placed over the cap and tha 
glass vial, containing a plug of water-moistened cotton wool, is lowered over it, thus sealing the 
eggs inside with the taut fabric. 
(6} The chambers are stood upright and the batch number recorded on their tops. 
They are stored in a dessicator jar over KN03. 
(7) One week later the chambers are examined and viewed from underneath to 
check progress. 
(8) If most of the eggs seem to have hatched, the caps are gently removed and, with the 
fabric kept taut to prevent escape of larvae, are changed onto a vial containing cotton wool soaked 
with KN03. These are prepared in advance by pipetting 1-2ml hot (50-60°C) saturated solution 
of KN03 onto a loose plug of sterilized absorbent cotton wool where it partially crystallizes and 
forms a spill-proof reservoir of the constant humidity solution. 
(9) The last eggs will complete their hatching in the slightly drier atmosphere and the 
emerged larvae harden and cluster in groups on the gauze or up ila the cap. Premature change onto 
the KN03 vials will result in a percentage of the eggs drying out before hatching can take place. 
On the other hand, excessive time (2-3 weeks) over the water-moist wool will cause death of the 
newly hatched larvae as they are unable to harden off. 
(10) The chambers of larvae are stored in the dessicator jars, where they do not dry out 
and remain viable for at least 3 months. Fungal growth does not usually occur although occasionally 
a contaminant will grow on the surface of the wool plug, normally without harm to the larvae above 
where fungus does not grow if the caps and gauze are clean. When the larvae lose their viability and 
begin to die, they can be seen to lie motionless on the gauze floor of the chamber. These collections 
are then discarded. 
Storage of larvae in bulk and in batches of 200 
When used for immunity experiments, the individual batches of 200 larvae proved to be 
especially practical because handling of the tiny parasites (%mm long) was minimized. Larger 
numbers of the larvae, however, were sometimes required for preparation of antigenic extracts. 
This was simply achieved by allowing the eggs to remain in the original oviposition chambers and 
changing them onto KN03 soon after hatching. Larvae in these conditions are probably overcrowded 
but this is unimportant if they are not to be used for feeding. As mentioned previously, chambers 
of 400 - 1,000 larvae can be also prepared if a higher dose is advisable e.g. large scale breeding of the 
tick on rats. 
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No substitute was found for hatching eggs on moist sand in glass jars if long-term survival 
{4-6 months or more) of larvae in bulk was required. The gauze lid of these jars, held on by a 
screw-on lid with a 5cm diameter drilled-out hole, was covered with a plastic petri dish lid con-
taining a 1 em diameter hole. Larvae in these jars were able to move around to a location of 
preferred humidity etc. thus achieving a varied environment more like the natural state where 
larvae climb up and down blades of grass according to climatic conditions. 
Feeding of larvae on rats and guinea pigs 
Oxer & Ricardo (1942) found that guinea pigs were the most suitable hosts for the lab 
oratory feeding of I. holocyclus larvae. Observations by the author, however, showed that these 
animals could only be used once for this purpose, after which they became solidly immune to the 
attachment and feeding of the ticks. Further doses of the larvae gave almost nil return of engorged 
larvae. The results of feeding larvae on both unexposed and immune guinea pigs will be presented 
in detail in Chapter 3. For the initial feeding however, approximately 40% of the applied larvae 
were recovered in the engorged state. The toxic dose of larvae for a 500g guinea pig was found by 
Oxer & Ricardo (1942) to be in excess of 500. A dose of 200 is thus well within the non-toxic 
range for 300·500g animals. 
Guinea pigs have two serious disadvantages as hosts for the feeding of I. holocyclus larvae. 
(1) They become immune to the feeding of the ticks by developing cutaneous hypersensitivity 
and can only be used once. (2) They are comparatively expensive to breed and house and this is 
important if they can only be used for one feeding of the tick. Other species of animals were tried 
(see Chapter 8). Quite clearly the rat emerged as the host of choice for feeding all three instars of 
I. holocyclus. They do not develop hypersensitivity against the tick yet are still able to produce 
antibodies against the toxin. They can be used repeatedly and are inexpensive to breed and house. 
The method of feeding I. holocyclus larvae on rats is the same as that used for guinea pigs 
and is illustrated in Figure 6 as follows: 
(1) The larvae are applied directly to the hair along the back line of the animal using 
the storage chamber cap held by piercing the soft plastic with a metal probe. Any larvae found 
clinging to the gauze seal are removed by wiping the fabric against the hair. The ticks soon 
(5-1 0 min) penetrate the hair coat and begin feeding on the skin, producing some initial pruritus. 
Activity of the larvae is enhanced by performing the application in a warm room (25-30°C) and 
afterwards keeping the animals moving for 10 minutes. Care must be taken to avoid infestation 
of human skin with the larvae as hypersensitivity to the bites rapidly develops and the irritation 
can be intense. Rinsing the arms with alcohol after applying the parasites seems to reduce this 
occupational hazard. 
(2) Sixty-five hours after application, up to 5 rats are placed for 2 days in a wire cage 
which is kept 3cm above a tray covered with blotting paper. The whole apparatus is mounted 
inside a large plastic tray so as to form a moat which is filled with water to a depth of about 1 em. 
Food and water are not restricted and the blotting paper is changed daily. Rats were found to be 
1 
5 
larvae 
engorged 
2 3 
nymphs 
engorged 
6@ 7 
adult female 
tiCk 
CAGE FOR 
COLLECTION OF 
ENGORGED TICKS 
ECDYSIS 
ECDYSIS 
LABORATORY CULTURE OF 
L. 
STORAGE 
8 
STORAGE 
Ixodes holocyclus NYMPHS & ADULTS 
Figure 6 
32 
much cleaner than guinea pigs which required a restriction of food and twice daily change of 
paper to cope with the amount of contaminating faeces and urine. When fully fed, the engorged 
larvae detach during the next 48h and fall onto the blotting paper where they crawl to the edge, 
drop into the water and are immobilised. They are then collected by suction using a sawn-off 
Pasteur pipette as an endpiece and conveyed to a flask via tubing. The number of ticks collected 
from each tray of 5 animals is recorded and expressed as a percentage of the number originally 
applied (see Chapter 3.4). Collection of hair and debris is avoided to reduc;e contamination. The 
ticks are washed with a fresh rinse of water and sieved through gauze fabric followed by drying on 
filter paper in a petri dish. Unnecessary delay in harvesting the fed larvae will reduce their sur-
vival through to the nymphal moult. 
(3) The engorged larvae are placed inside a chamber over KN03 where ecdysis can take 
place without fungal overgrowth. The ticks should not be overcrowded, about 500 to each 2.5cm 
diameter chamber. 
(4) Four weeks later, when the nymphs have emerged from the moult, the chambers are 
transferred onto vials containing cotton wool soaked with a saturated solution of NaC I (88% r.h.). 
The method outlined above permits accurate quantitation of the larvae applied and collected. 
Initially a dose of 200 was given, followed by doses of 400, but there is no reason not to use higher 
doses if required. B. J. Cooper (personal communication, 1975) found that rats could tolerate 
initial doses in excess of 1,500 larvae without becoming paralyzed. If large-scale culture of the tick 
is to be carried out with no quantitation necessary, the method of Oxer & Ricardo ( 1942) is 
preferable. All instars are simply kept on moist sand in glass jars and the losses from fungal over-
growth in these conditions are offset by the reduced labour involved. However, when a jar 
containing 10,000 larvae or several thousand nymphs is opened, there tends to be chaos as the 
parasites crawl out everywhere. 
2.5 Emergence, storage and feeding of nymphs 
This work was a minor part of the project and is briefly mentioned so as to complete 
the author's methods of laboratory culture of I. holocyclus. 
Conditions required for emergence of nymphs from moult 
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Excessive moisture seriously reduces survival of engorged larvae through to the nymphal 
stage. Not only does fungal growth kill the ticks but wetness prevents development of the moult. 
It is difficult to avoid excess moisture when using jars of sand and thus the author found that 
chambers kept over KN03 enabled over 80% of the ticks develop successfully. After emergence 
from the moult, nymphs excrete black faecal wastes and will harden off in a drier atmosphere 
such as over NaC I. 
As with the larvae, it was found that long-term survival of nymphs could be best ensured 
by simulating natural conditions in a sand jar. Therefore it is recommended that moulting be 
allowed to take place in chambers over KN03 and then transferring the newly emerged nymphs 
to a sand jar by simply dropping the chamber cap and its gauze onto the sand. Nymphs in these 
jars were kept viable for over 6 months, whereas those kept in chambers over NaC I survived only 
several weeks. 
Feeding of nymphs on rats, guinea pigs and bandicoots 
Oxer & Ricardo ( 1942) recommended that nymphs be fed on the natural host of !: 
holocyclus, the bandicoot. There is no doubt that these animals are superior hosts for this instar 
and good returns (unquantitated) were obtained. The nymphs seem attracted to them and feed 
well. Apart from the difficulties and expense of obtaining and keeping bandicoots however, a 
licence may also be necessary from wi ldlife authorities. It is possible to breed bandicoots in cap-
tivity ( Lyne, 1971) but it is not feasible for most laboratories. 
Guinea pigs were found to be unsatisfactory hosts for the nymphs, giving poor returns 
and again developing hypersensitivity after one dose which prevented further feedings. More 
than 12 nymphs may also be toxic to guinea pigs (Oxer & Ricardo, 1942). 
One experiment was carried out feeding nymphs on 5 rats which had previously been used 
to feed three doses of larvae over a period of 8 weeks. In a warm room (25°C) approximately 
100 nymphs were applied along the backline with a small brush (Figure 6, no.5). Rapid penetration 
was observed and the engorged nymphs detached between 72-120h. A return of 19% was achieved 
and no signs of toxicity were seen in the rats. The engorged nymphs were collected from the water 
moat with a small spoon and placed in chambers over KN03 for moulting into adults. 
2.6 Emergence, storage and feeding of adults 
This section was only briefly examined by the author but is included to complete the 
method of laboratory culture of Ixodes holocyclus. 
Conditions required for emergence of adults from moult 
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As with the engorged larvae, storage of fed nymphs on moist sand was found to be 
unsatisfactory because of losses from wetness and fungal overgrowth. Excellent moulting and 
emergence of adults (over 90%survival) was achieved by placing the fed nymphs in chambers over 
KN03 (Figure 6, no. 7). 
Storage of unfed adults 
Adults were satisfactorily stored over NaC I (88% r.h.) for several weeks. Long-term 
storage under simulated natural conditions in jars of moist sand allowed survival for over 6 months 
at 22-25°C. Oxer & Ricardo (1942) found that I. holocyclus could not be stored at low tempera· 
tures, 7°C for a few days being lethal. Adult males quickly begin coupling with females aher 
emergence from the moult. The males are easily identified by their smaller size and shorter mouth-
parts. 
Sources of wild-caught unfed adult females 
_unfed females were also available by arrangement with the serum laboratory farm from 
northern New South Wales. These wild-caught ticks were very viable and fed aggressively when 
placed on hosts. It is not very difficult to catch I. holocyclus from areas of bushland where the 
tick is abundant. A white cloth is dragged through the grass and the ticks attach to it under 
suitable climatic conditions (warm humid weather). No attempts at collecting ticks in this way 
were made by the author. 
Feeding of adult females on rats, guinea pigs, bandicoots and dogs 
Female I. holocyclus did not seem attracted to guinea pigs but were fed satisfactorily by 
placing them inside the external auditory meatus. No restraining collars were needed on the 
animals and the ticks fed over a period of 7-12 days, although never attaining maximum engorge-
ment. Deaths occurred in 2 out of 10 guinea pigs from toxicity, the remainder appearing listless 
for a few days (see Chapter 3.4). 
One batch of adult females was fed on a bandicoot and approximately 40% were recov-
ered fully engorged after feeding around the head and neck. The disadvantages of keeping 
bandicoots in the laboratory have been mentioned previously. 
Females were fed on dogs as part of experiments on toxicity by J. llkiw (personal 
communication, 1975). More than 2 ticks were required to produce the paralysis ~yndrome. 
The ticks fed to maximum engorgement on the ears of the animals. It is possible to induce 
hyper-immunity to I. holocyclus toxin in dogs (Oxer & Ricardo, 1942) and such animals can 
be used to feed large numbers of female ticks without any distress to the host (Figure 1 b). The 
immunity wanes fairly quickly, however, and dogs are expensive laboratory animals to keep. 
They remain a possibility for adult I. holocyclus feeding when large numbers of the engorged 
ticks are required. 
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Rabbits are not suitable hosts for feeding I. holocyclus because experiments by the author 
have shown that they, like guinea pigs, rapidly develop hypersensitivity to the tick bites which 
prevents subsequently applied parasites from feeding successfully (see Chapter 8). One such 
rabbit was used to feed 3 females. The skin reactions around the ticks were intense and a restrain-
ing collar was used to prevent the animal scratching them off. Two of the ticks engorged over a 
period of 1-2 weeks but only partially and would have laid very few eggs. 
Female I. holocyclus were satisfactorily fed on rats which had received previous doses of 
larvae and nymphs. The rats were restrained from grooming with an "Elizabethan" collar and a 
single tick allowed to feed on the head (Figures 1c and 6, no. 9). No signs of toxicity occurred 
and the ticks engorged fully and subsequently laid eggs. It was concluded that toxin-immune 
rats are suitable laboratory hosts for feeding I. holocyclus females. 
Addendum 
B.J.Cooper ( 1975, personal communication) has found that previously unexposed laboratory 
rats can tolerate up to 50 nymphs feeding on them before signs of toxicity are seen. Rats which 
have recently been used for the feeding of larvae tolerated well in excess of 100 nymphs without 
toxicity. He also found that greater returns of encorged nymphs could be obtained (approx. 50% 
of those applied) if the rats were placed in collecting cages which had compartments for individual 
animals, suspecting that social grooming amongst grouped rats was reducing nymphal survival. 
2.7 Discussion 
The results presented in this chapter have shown that I. holocyclus can be cultured 
wholly using laboratory animals, particularly the rat. It is difficult to understand why this 
species was not used by Oxer & Ricardo (1942) who must surely have observed that guinea 
pigs could only be used once for obtaining fed larvae. The use of bandicoots for feeding 
nymphs has been shown not to be necessary as this instar will also feed on rats. It has also 
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not been previously reported that adult females can feed to repletion on rats without paralyzing 
them, provided that these rats have had the opportunity to develop immunity to the toxin. Why 
certain hosts and not others should mount protective cutaneous hypersensitivity reactions against 
the tick is an intriguing question which forms the basis of the remainder of this thesis. 
Having shown that laboratory culture of the parasite is not difficult, consideration should 
be given to the most suitable method according to the purposes for which the ticks are required. 
If any quantitation of engorgement returns or cutaneous immunity is to be made, no substitute 
for knowing exact numbers of the ticks used can be acceptable. The method presented in this 
chapter for producing individual chambers of 200 (or more) larvae has been extensively tested 
and found to be reliable in this regard. This instar is so small and unmanageable that estimation 
of numbers visually from a bulk colony is impossible. It is also difficult to estimate numbers of 
nymphs from a bulk collection and therefore preferable to produce similar individual chambers 
which will contain an approximate number at least. 
If the purpose of an I. holocyclus colony, however, is to produce large numbers of adult 
females for toxin extraction, quantitation is not essential and the simplest method of bulk produc-
tion which reduces labour will be the method of choice. Thus maintenance of all stages of the 
tick in jars containing moist sand (Oxer & Ricardo, 1942) will provide the best answer. The disad-
vantages of this method have already been discussed. 
The use of saturated salt solutions to provide atmospheres of constant humidity (O'Brien, 
1948) is well known to those who culture ticks (Barnett, 1972). These salts go a long way towards 
eliminating the serious problem of fungal overgrowth which inevitably occurs when plain water is 
used to provide humidity. Potassium nitrate (KN03) and sodium chloride (NaC I) have been used 
in the storage of Dermacentor andersoni (Allen, 1972; Kaufman & Phillips, 1973) and it is not 
surprising that I. holocyclus should benefit from their use. t<N03 provides ideal conditions for the 
long-term storage of larvae and for ecdysis of the other two instars. When used in the bottom of 
dessicator jars it keeps a humid (92-93% r.h. at 25°C) but mould-free environment in which all the 
small tick chambers were kept, regardless of their contents. The long-term storage of I. holocyclus 
nymphs and adults over saturated salt solutions clearly needs further investigation as neither KN03 
nor NaC I could keep them viable for extended periods. The use of moist sand remains the best 
method at present for long-term (2-6 months) storage of these two instars, despite the drawbacks 
of mould growth and excessive wetness from condensation of water. Cotton wool plugs soaked in 
water or a salt enabled the tick chambers to be carried and upturned without any spillage of 
liquids. If the salt solutions are added to the wool when hot, the resultant crystallization in the 
wool on cooling seems to fulfil the need for the saturated solution to be in contact with the 
solid phase. 
The duration of the life-cycle of I. holocyclus under laboratory conditions was found 
to be similar to that reported by Ross ( 1924). It is possible to complete the entire cycle twice 
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a year. Much longer periods are also possible and extended viability of all 3 instars for many 
months means that the cycle can be spread over 741 days or longer (Oxer & Ricardo, 1942). 
Unless a closed colony is indicated by the need for pathogen-free or pure strains of the tick, it is 
unnecessary to take the trouble to complete the full life-cycle in the laboratory colony. Outside 
sources of engorged females provide a ready supply of eggs and larvae, thus avoiding the major 
problem of finding immune hosts on which to feed the females. The seasonal availability of these 
outside sources may mean that adult feeding is only necessary in the autumn and winter if year-
round supplies of all instars are to be maintained. The arrangement with a commercial canine 
anti-tick serum laboratory to provide large numbers of engorged females proved to be a highly 
successful and fortunate means of mass-producing larvae with the minimum of effort. Supplies. 
of wild-caught unfed females from the same source were subject to severe shortages, however. 
The finding that there is a linear relationship between the size of engorged I. holocyclus 
females and the number of eggs they laid is similar to that reported by Bennett (1974) using 
Boophilus microplus. The average number of eggs laid by I. holocyclus females reported in this 
study (4,900) is higher than that of 1,800-2,500 previously reported by Ross (1924) and the maxi-
mum of 10,600 is much higher than expected. 
2.8 Summary 
(1) The biology of Ixodes holocyclus is reviewed and the identification of adult 
females from other similar ticks is outlined. 
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(2) Non-laboratory sources of engorged females were found to enable mass production 
. . 
of the tick on a seasonal basis. 
(3) There is a linear relationship between the size of engorged females and the number 
of eggs they lay under optimal conditions (mean 4,900). 
(4) Revised methods for laboratory culture of the tick are given, including the use of 
constant-humidity saturated salt solutions in spill-proof containers to provide the appropria~e 
survival conditions for each stage of development. 
(5) A method for producing individually maintained chambers of 200 larvae was 
developed to allow quantitative feeding experiments to be undertaken. 
(6) The rat is recommended as the host of choice for the laboratory feeding of all 
three instars of I. holocyclus. 
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Chapter 3. A QUANTITATIVE EXPERIMENTAL MODEL OF ACQUIRED CUTANEOUS 
IMMUNITY TO Ixodes holocyclus IN THE GUINEA PIG 
3.1 Introduction 
Acquired immunity to ticks was first studied by Trager (1939), who showed that guinea pigs 
which were used for the feeding of larval Dermacentor variabilis rapidly developed an immunity 
which prevented further larvae from engorging and reduced the amount of blood taken in by 
nymphs and adults. His experiments have been criticized by Feldman-Muhsam (1964) for lack of 
conclusive date, particularly when the return of engorged larvae from the primary feed varied from 
14-77%. This latter author also found that from 25-95% of Rhipicephalus sanguineus (Lat.) larvae 
placed on 3 rats were recovered in the engorged state. Such wide fluctuations were put down to the 
many variable factors influencing the success of feeding such as batch variation, age and viability of 
larvae and age or sex of the hosts, together with the temperature and humidity of the environment. 
Nonetheless, the general phenomenon of acquired immunity to ticks has been strongly suggested by 
these and other experiments. 
The numbers of experimental animals used have often been small, further hampering adequate 
analysis of the data. Trager (1939) used a total of only 6 guinea pigs in an experiment on vaccina-
tion against D. variabilis. The wide variation in return of engorged larvae makes his conclusions 
statistically doubtful. Allen ( 1973) used a total of only 24 guinea pigs, although the results were 
significant (p ;:::<.001) in demonstrating immunity against D. andersoni larvae. Branagan (1974) 
used only one rabbit to illustrate the action of immunity against R. appendiculatus in reducing the 
number and weight of engorged larvae recovered. Boese ( 1974) used groups of only 2 experimental 
rabbits and a single control rabbit when demonstrating immunity against Haemaphysalis leporis-
palustris nymphs. Gfeller (1971) included only 12 rabbits in experiments to show immunity against 
R. bursa. Experiments with Boophilus microplus will always be limited by the number of experi-
mental cattle which can be maintained. Riek (1962) used 32 cattle in an extensive series of 
investigations on tick resistance and Roberts (1:368a,b,c) studied groups of 4-6 cattle. 
Attempts were thus made to investigate cutaneous immunity to I. holocyclus in guinea pigs 
using adequate numbers of control animals to minimise the effects of variable factors. After initial 
observations of the immune response it was decided to measure immunity in terms of the reduced 
numbers of engorged larvae recovered after feeding. Other signs of the immune response such as 
reduced weight of engorged ticks (Branagan, 1974) were regarded as impractical with the facilities 
available. No restraint of ticks on the guinea pigs was used, unlike Trager (1939) and Allen ( 1973) 
who placed the ticks inside capsules anchored to the skin. It was thought that these devices were 
time-consuming to apply, stressful to the animals and provided conditions which may be quite 
different to the 'natural' state of tick attachment and feeding. Experiments were progressively 
carried out as supplies of the tick became available during a period of 2 years. 
3.2 Materials and methods 
Methods for the laboratory culture of I. holocyclus have been described in Chapter 2. 
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Ticks 
Individual doses of 200 larvae were stored over KN03. In each experiment only larvae 
derived from the same ovigerous female were used because no satisfactory method of thoroughly 
mixing different batches of eggs could be found. This, together with a limited number of collect-
ing cages and trays, allowed only 4-5 groups of 5 guinea pigs to be included in each experiment at 
the same time. Nymphs and adults were stored over NaCI or moist sand. 
Guinea pigs 
Except where specified, the only guinea pigs used were smooth-haired, white random outbreds 
weighing 300-600g from the University of Sydney Animal House, Castle Hill. Care was taken to 
ensure that insecticides had never been used on these animals. Inbred Heston strain guinea pigs from 
CSI RO McMaster Laboratory, Sydney, were used for cell-transfer experiments. 
Application of ticks 
Larvae were applied directly to the hair along the backline as described in Chapter 2.4. This 
operation was carried out carefully to ensure that all 200 larvae were transferred to the same 
backline area of each guinea pig. After application, each group of 5 animals was placed in a wire-
floored cage for 'hh and kept moving by frequent disturbance. This movement seemed to stimulate 
the larvae to penetrate the hair, otherwise they often wandered all over the animal for 15-20 min 
before penetrating. Although this did not appreciably alter the number of engorged larvae subse-
quently recovered, it was desirable to have as many ticks as possible attaching to the back line area 
for experiments which involved taking biopsies or observing feeding progress. After application of 
the larvae, guinea pigs were returned to straw-bedded cages. Pruritus was usually noticed as the 
larvae began attachment to the skin. Nymphs were applied with a small brush onto the backline 
hair. Penetration of guinea pig hair by this instar was poor and attachment rates low. Adult female 
ticks were applied to the external auditory meatus with a small metal spatula. Attachment often 
took 15·30 min and ticks which refused to do so were discarded. 
Collection of engorged larvae after feeding 
Guinea pigs were removed from their straw-bedded cages 72h after application of the larvae, 
as the first engorged larvae usually detached by 80h (compared with 65h in rats). The animals were 
placed in groups of 5 in wire-floored cages surrounded by water, as described in Chapter 2.4. The 
engorged ticks were collected by suction twice a day from the water and the numbers were recorded. 
To reduce the excessive production of faeces and urine, guinea pigs in the collecting cages were only 
fed small amounts of cabbage leaf twice daily until the end of collection 144h (6 days) after 
application. Blotting paper under the collecting cages was changed twice daily. Floors of the 
collecting cages had a mesh with spaces no larger than 1 em to prevent the legs of smaller guinea pigs 
from jamming and breaking. It was not possible to use individual collecting cages for each guinea 
pig and thus the recorded returns of engorged larvae were expressed as the mean percentage return 
from the total number of larvae applied (1,000 per 5 animals). 
1 RESULTS 
3.3 Preliminary observations of the immune response 
Initially, the doses of larvae used were only approximate, being estimated visuallv when 
applying the ticks with a small brush. Statistical analysis of results was only possible when 
individual chambers of 200 larvae were used (see Chapter 2.4) after experiment no. BB30. 
Once-only use of guinea pigs for tick feeding 
d.2 
The first observation was made on a group of 5 animals which had each received a primary 
dose of larvae (200-300) and returned a mean of 95 engorged larvae per guinea pig. Two weeks 
later they were challenged with a second similar dose of larvae and from this feeding only 5 
engorged larvae per animal were returned. The experiment was repeated and the return of larvae 
reduced from 64 to 3 per animal. This marked reduction in survival of the ticks made it necessary 
to use a fresh group of guinea pigs each time they were used for the routine laboratory feeding of 
I. holocyclus. It was thus assumed that guinea pigs exposed to a primary infestation of larvae 
acquired a specific immune response which reduced the survival of subsequently applied ticks. 
Erythematous skin reactions on immune guinea pigs 
A group of 5 guinea pigs which had received a dose of 200-300 larvae 3 weeks previously 
were challenged with a second dose of 150-200 larvae. Five previously unexposed controls were 
also dosed at the same time. At various intervals after application of the ticks the hair along the 
backline was clipped off and the skin examined before euthanasia and taking skin samples for 
histopathology. After 8h there was no difference between the two groups of animals, the ticks 
feeding normally with no visible skin reaction around them. At 24h however, the immune 
animals showed a marked area of erythema 1-2mm diameter at the site of attachment of each 
larva. No reaction was visible on the non-immune animals. At 48h the skin reactions on the 
immune guinea pigs were very marked but again absent from the controls. The gross appearance 
of these lesions will be discussed in Chapter 4. 
Death of larvae on immune guinea pigs 
About 72h after application of the larvae it was noticed that those on the control guinea pigs 
were starting to visibly engorge with blood. On the immune animals however, it was observed that 
not only were the ticks failing to engorge but many of them were dead and dried-out in the centre 
of an inflammatory skin lesion. The few ticks which remained alive and attached frequently were 
pale in colour and scarcely engorged. At 96h fully engorged larvae were detaching from the non-
immune controls but none could be seen on the skin of the immunes. It seemed obvious that the 
immune guinea pigs were responding to the second dose of larvae with a skin reaction which was 
unfavourable to the ticks and eventually lethal to them. The histopathology of these reactions is 
discussed in Chapter 4. 
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3.4 Measurement of acquired cutaneous immunity to I. holocyclus larvae 
The results of feeding 200 larva~ on 275 non-immune guinea pigs can be seen in Table 1. 
It shows that the return of engorged larvae varied from 10.9- 67.1% (i.e. 22-134 off each 
animal). Within the 1-4 groups of 5 animals in each experiment however, the results were more 
consistent, indicating that the main variability lay in the different batches of larvae. The over-
all mean return from the 55 groups was 36.5%. 
All guinea pigs which had received an infestation of larvae, the engorgement return from 
which was recorded as the "primary dose", were kept as "immuneu animals and routinely used 
within 3-5 weeks. 
Detachment of fed larvae from immune and non-immune hosts 
Collections of engorged larvae which had detached from the guinea pigs were made morning 
and afternoon at 88,96,112,120 and 136h after application. The counts from 10 experiments, 
each containing a group of 5 immune and 5 non-immune animals under identical conditions, are 
compared in Figure 7 (details in Appendix 1 ). A mean return of 34.5% from the non-immunes 
contrasts with only 3. 7% from the immunes. 
Figure 7 also shows that larvae surviving on immune animals do not take any longer to feed 
than those on non-immune hosts. In fact the opposite seems true as 64% of the total number of 
larvae collected from the 10 immune groups have detached by 96h but only 46% of the toto I from 
the non-immune controls. Collections were not continued beyond 136h when detachment had 
virtually ceased. Only larvae which were judged to be fully or almost fully engorged were counted 
in the returns. It was noticed that a few live partially engorged (less than~ maximum size) larvae 
often detached from immune hosts. No accurate record of these partially fed ticks was kept as 
they were difficult to see and their numbers varied greatly. 
Statistical analysis of the immune response 
The immune response was measured in terms of the apparent rejection of feeding larvae when 
compared to the controls. 
IMMUNITY = %REJECTION = 100 ( 1 immune return (I) control return (C) 
e.g. from Figure 7 1--( 3.7 ) 
= 100 . 34.5 
= 89.3% 
Table 2 shows the results of 11 comparable experiments using 75 immune and 80 non-immune 
guinea pigs. All the 15 immune groups had received a known primary (immunizing) dose of!: 
holocyclus larvae 3-5 weeks previously. 
EXPT. 
NO. 
BBJO 
BB32 
DB33 
BB36 
DB41 
BB48 
BB50 
BB55 
BB57 
BB60 
BB62 
BB65 
BB70 
DD71 
BB72 
DB75 
BB77 
BB80 
BB84 
BB86 
BB87 
BB88 
BB89 
BB91 
BB101 
BB102 
BB107 
BB108 
BD111 
BB116 
BB127 
BB130 
TOTAL 
NO. NO. ENGORGED LARVAE RETURNED 
PIGS 5's as % of those applied (200) 
5 1 30.4 
10 2 42.9 ln. 7 
20 4 40.1 lj6. 7 35.9 31.8 
5 1 67 .1 
5 1 35 .0 
5 1 31.7 
5 1 46.2 
5 1 41.5 
5 1 37.0 
10 2 32.1 33 . 9 
5 1 45 . 0 
20 4 33.9 18.8 16.2 20 .1 
10 2 51.6 40.1 
5 1 12.0 
5 1 11.8 
10 2 42.5 51 . 2 
10 2 27.5 29.5 
5 1 10.9 
10 2 28 . 6 27 .1 
5 1 22.3 
10 2 31.4 31.0 
5 1 20.8 
20 4 47.1 50.9 50.3 45.3 
10 2 38.4 34.7 
5 1 37.6 
10 2 27 . 6 37.7 
5 1 31.4 
5 1 43.9 
20 4 43 . 8 46.9 42.0 28 . 6 
15 3 52.5 45.6 47.0 
5 1 62.3 
5 1 27.0 
275 55 MEAN 
FEEDING OF I. holocyclus LARVAE 
ON NON -IMMUNE GUINEA PIGS 
Table 1 
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MEAN % 
RETURN 
30.4 
42.3 
38 . 6 
67 . 1 
35 . 0 
31.7 
46.2 
41.5 
37 . 0 
33.0 
45.0 
22 .4 
45.8 
12.0 
11.8 
46.8 
28 . 5 
10.9 
27.8 
22.3 
31.2 
20 . 8 
48.4 
36.5 
37.6 
32.6 
31.4 
43.9 
40.3 
48 .4 
62.3 
27.0 
36.5% 
------
engorged 
larvae 
150 
140 
13 0 
12 0 
110 
100 
90 
80 
70 
60 
50 
1.0 
30 
20 
10 
non- immune hosts 
88 96 112 120 136 
hours after application of ticks 
MEAN COLLECTIONS PER CAGE OF 5 ANIMALS 
DETACHMENT OF FED LARVAE 
FROM GUINEA PIGS 
Figure 7 
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345 =34.5% 
TOTALS 
37 = 3.7% 
Analysis 
The replicate sets of 5 animals within an experiment gave estimates for the between-sets-
within-experiments variance for 
non-immune controls (see Table 1) 
. ~ 
6c = 31.24 on 23 degrees of freedom (d.f.) 
and immunes (see Table 2) 
• 2. 
cr, = 0.48 on 4 d .f. 
For a given experiment, the approximate variance of the % Rejection was calculated as 
follows: 
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I 
% Rejection = 100 ( 1 - R) where R = C and I, C, are the mean returns for immune and 
control groups from n1 and nc sets of 5 animals respectively. 
Let V(l), V(C), V(R) be the respective variances of I,C,R. 
Then: 
V(R) ~ ~1V(l) + ~: V(C) 
. 1 6; 11 6 ~ 
= -·- +- --
. cz. n C.. n 
I C 
~ ~r6;l. + R~ 6~ J 
c nl nc 
V V(R) = Standard Error (S.E.) of ratio R 
S.E.(% Rejection)= 100. S.E. of R 
The significance of the rejection ( p ) was thus calculated 
% Rejection 
4 
f 
from t = on d .. 
S.E. 
Where experiments were carried out using non-immune controls (C) and treated controls (T) 
(e.g. vaccination, cell transfer), the variance for treated groups was not known and thus the 
assumption was made: 
(JT2 = fyl-c = 31 .24 on 23 d.f. 
Immune response 
From Table 2 it can be seen that the mean% Rejection of 75 immune animals was 92.9% 
( p = <.001) . Only in one experiment (8875) did the immune group fail to exceed 90% rejection 
(74.6%) . Despite the wide variation in viability of larvae, as shown by the % return from controls 
(11.8 - 67.1%), the immunity was surprisingly similar in all immune grouos (excluding 8875), 
viz. 90.7 - 98.5%. When the control groups returned low numbers of engorged larvae however 
EX PT. 
NO. 
BBJ2 
BBJ6 
BB41 
BB57 
BB72 
BB75 
BB80 
DD84 
BB91 
BB102 
BB1J1 
TOTAL 
NON-IMMUNE IMMUNE Ofo (L.D.F.l (controls) (3-5 weeks) 
rejection S.E. P= s·s· %RETURN s·s· %RETURN 
2 42.3 2 2.6 93.7 9.4 <.001 
1 67 .1 1 2.5 96.2 8.J < .001 
1 35.0 1 2.2 93.7 16.0 .002 
1 J7.0 1 2.9 92.1 15.2 .002 
1 11.8 1 0.9 92.3 !~7. 5 .o6 
2 46.8 1 11.9 74.6 12.1 .002 
1 10.9 2 O.J 96.8 J6.J .OJ 
2 27.8 2 1.6 9~.1 14.2 .002 
2 J6.5 2 0.5 98.5 10.8 < .001 
2 32.6 1 0.5 98.5 17.1 .002 
1 27.0 1 2.5 90.7 20.8 .oo6 
75 immune g. pigs 
MEAN o 
REJECTION= 92 ·9 lo 4.0 < .001 
+ :: no. of cages of 5 animals 
RETURN OF ENGORGED LARVAE FROM 200 APPLIED 
FEEDING OF I. holocyclus LARVAE 
ON IMMUNE GUINEA PIGS 
Table 2 
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(1 0.9 - 11.8%), the significance of the result was much reduced (p = .06 and .03 for 8872 and 
8880 respectively). 
Onset of immunity after a primary dose of larvae 
48 
Preliminary experiments (unquantitated) showed that the immune response developed 
rapidly, at least within 2 weeks of the primary tick infestation. An experiment (BB119) was 
carried out to determine the interval required for onset of full immunity to a challenge dose of 
larvae. A group of 5 guinea pigs was given a primary dose of larvae and challenged with a second 
dose on the 7th day - one day after the previous collection of engorged larvae was complete. The 
results are shown below in Table 3. 
TABLE 3 
Onset of immunity to I. holocyclus larvae after a primary infestation one week previously 
(Expt.No. BB119) 
Non-immune Immune %rejection S.E. p= 
(controls) (1 week) 
%return %return 
35.1 * 2.1 94.0 15.9 .002 
* Mean of 4 animals only 
The figures show that 94% of the challenge dose was rejected and indicate that the immun-
ity is fully active within one week of a primary dose. 
Dose of larvae required to immunize 
Preliminary experiments showed that very few larvae were required to produce a solid 
immunity against I. holocyclus. One early experiment (8832, see Table 5) revealed that only 8 
larvae feeding to full engorgement on a guinea pig are sufficient to confer an immunity of 93.7%. 
The return of engorged larvae was the only means available to assess a primary "dose" but its 
limitations as a guide to the total antigenic dose of tick saliva were recognised. These primary 
doses varied from 10.9 - 67.1% if 200 larvae were applied i.e. 22-134 engorgements on each 
animal. The influence on duration of the immunity is discussed below (see Table 5). 
Immunity following multiple doses of larvae 
Three experiments were carried out to examine the immune response following multiple 
previous doses of 200 larvae. The results were compared with non-immune and immune ( 1 previous 
dose only) controls and are shown in Table 4. Each group contained 5 animals. 
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TABLE 4 
Immunity following multiple doses of larvae 
Experiment No. No. previous doses %Rejection 
-
6832 1 93.8 
2 93.6 
6884 1 92.1 
2 96.0 
6891 1 98.1 
4 98.9 
The results indicate that repeated doses of 200 larvae are unable to significantly increase the 
rejection rate. In no experiment was 100% rejection of the challenge dose seen. 
Duration of immunity 
Most experiments were carried out on immune guinea pigs which had received a primary dose 
of I. holocyclus larvae 3-5 weeks beforehand. Facilities did not allow prolonged housing of many 
guinea pigs and the long-term effects of repeated tick feedings were therefore not studied in detail. 
Six experiments were designed to examine the duration of immunity beyond 5 weeks. Six groups 
of 5 guinea pigs were kept from 6-36 weeks after the primary dose of larvae before receiving a 
second challenge infestation. The results are included in Table 5. 
There appeared to be a different response according to the size of the primary dose of larvae. 
With a primary dose in excess of 38% (76 engorged larvae) the immunity remained solid (more than 
90% rejection) for up to 17 weeks although in experiment BB86 the immune group rejected only 
77.1% of the challenge dose. With a primary dose of less than 22% (44 engorged larvae) the immunity 
appeared to wane and rejection rates of 68.6% after 9 weeks and 51.8% after 36 weeks were recorded. 
It remains clear that the immunity is relatively long-lasting after a single primary dose of larvae. 
Age and sex of guinea pig host 
Young guinea pigs (300-600g) were used for most experiments. Several investigations where 
mature animals over 8 months of age (700-800g) were used did not reveal any obvious difference in 
susceptibility of immune or non-immune groups to the feeding of larvae. 
Initially, equal numbers of male and female guinea pigs were used but it later became notice-
able that mature males were unsuitable as they began fighting with each other. The injury to the 
backline skin from fight wounds seriously interfered with histological studies and might have 
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EXPT. 
NON-IMMUNE IMMUNE Ofo PRIM. (controls) (hig h dose l 
NO. rejection S.E . P= DOSE wks. 5's %RETURN 5's %RETURN %ret. 
BB36 1 67.1 1 2.5 96.2 8.3 < .001 42.5 3 
BB41 1 35 .0 1 2 . 2 93 .7 16.0 .002 38.6 4 
BB57 1 37.0 1 2.9 92.1 15.2 .002 46.2 4 
BB91 2 36.5 2 0.5 98.5 10.8 <.001 48.4 5 
BB101 1 37.6 1 1.5 96.0 14.9 .002 48 .4 10 
BB86a 1 22 .3 1 5.1 77.1 25 . 7 .02 47.0 13 
BB86b 1 22 .3 1 2.1 90.6 25 . 2 .02 45 . 8 17 
high primary dose 
NON-IMMUNE IMMUNE ~ Ofo PRIM. EX PT. (controls l (low dose) 
NO. rejection S .E . p= DOSE wks 5's %RETURN 5's %RETURN %ret. 
BB32 2 42.3 2 2.6 93.7 9 .4 < . 001 l.j. 0 3 
BB75 2 46.8 1 11.9 7h . 6 12 .1 . 002 1 2 .0 L~ 
BB30 1 30 .4 1 10.0 67.1 19.4 .02 22.0 6 
BB86c 1 22o3 1 7.0 68.6 26.3 .03 10.9 9 
BB55 1 41 .5 1 20.0 51.8 14.9 o02 5.5 36 
low primary dose 
INTERVAL BETWEEN 1st & 2nd DOSES OF LARVAE (in weeks) FED 
ON GROUPS OF 5 GUINEA PIGS ("immunes") 
INFLUENCE OF PRIMARY DOSE 
ON DURATION OF IMMUNITY 
Table 5 
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influenced tick survival through alteration of blood-supply. Females were later used exclusively 
for these reasons. 
The sex of the guinea pigs appeared not to inflt!ence the feeding of larvae on non-immune 
controls, as shown in Table 6. 
TABLE 6 
Feeding of I. holocyclus larvae on non-immune male and female guinea pigs 
Sex No. of animals Engorgement return 
Male 60 (12 X 5) mean 35.8% 
Female 215 (43 X 5) mean 36.6% 
Too few males were used in immune groups to make a significant observation but there 
appeared to be no obvious difference between the immune response of either sex. 
Strain of guinea pig host 
Male Heston strain guinea pigs were used for cell transfer experiments (see Chapter 6). 
Females were in short supply and kept for breeding purposes. The engorgement returns from 10 
groups of non-immune Hestons are shown in Table 7. 
TABLE 7 
Feeding of I. holocyclus larvae on non-immune Heston guinea pigs 
Experiment No. Engorgement returns Mean 
% (groups of 5) 
BB39 81.0 74.8 73.0 76.3 
BB46 69.3 69.3 
BB69 72.9 72.0 72.5 
BB103 64.1 72.9 62.8 66.6 
BB114 56.0 56.0 
Total 50 animals Mean 69.9% 
These results show that nearly twice as many engorged larvae were recovered from the 
50 inbred Heston guinea pigs (mean 69.9%) as from 275 outbred guinea pigs (mean 36.5%, see 
Table 1 ). 
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Owing to the scarcity of animals it was only possible to measure the immunlty conferred 
by a primary does of I. holocyclus in one group of 5 Heston guinea pigs. A rejection rate of 
98.3% was recorded from experiment BB46 (S.E. 8.0; p= <.001) when the 5 immune animals 
(mean primary dose 76.3%) were challenged 3 weeks later with 200 larvae. It was thus assumed 
that inbred Heston guinea pigs are able to mount a fully effective immune response against l· 
holocyclus ticks. 
Age of larvae used 
Because of the limited ability of I. holocyclus larvae to remain viable beyond 3-4 months, 
the ages of larvae used in most experiments were recorded. The date when the larval chambers 
were transferred onto KN03 was regarded as the date of hatching. The returns from feeding larvae 
on 235 non-immune guinea pigs are given in Table 8. 
TABLE 8 
Influence of larval age on engorgement returns from I. holocyclus feeding on non-immune 
guinea pigs 
Age of larvae 
(weeks) 
1-4 
5-8 
9-12 
No. animals 
22 X 5 
9X5 
16 X 5 
%Return 
Range Mean 
12.0-62.3 36.5 
32.1-67.1 43.5 
10.9-46.2 24.7 
The results suggest that larvae should be less than 8 weeks old for best results. 
Using figures from Appendix 1 (Figure 7), it was possible to see if the age of larvae influ-
enced the time after application at which the engorged larvae detached. The results are given 
in Table 9 for 2 age-groups of larvae fed on non-immune guinea pigs. 
TABLE 9 
Influence of age of larvae on duration of engorgement of I. holocyclus on non-immune 
guinea pigs 
Time of collection Age of larvae 
(hours after application) 2-5 weeks 6-12 weeks 
88 4.3% 3.4% 
96 44.4% 38.1% 
112 27.5% 26.3% 
120 17.7% 23.6% 
136 6.1% 8.6% 
100.0% 100.0% 
Total ticks collected 1,952 1,492 
No. of guinea pigs 10 X 5 10 X 5 
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The figures indicate that the times taken for the 2 age groups of larvae to engorge were not 
significantly different. 
3.5 Acquired immunity to I. holocyclus nymphs and adult females 
The immune response directed against the feeding of nymphs and adult females was briefly 
examined. Further information on the response against these instars was gained from histopath-
ology of the bite lesions (see Chapter 4). 
Immunity to nymphs after sensitization by larvae 
Nymphs did not feed satisfactorily on guinea pigs and only a general impression of the 
immune response against this instar could be recorded. Three experiments (8811, 8812, 8813) 
were carried out using a total of 14 non-immune controls and 14 immune guinea pigs which had 
received a primary dose of larvae 3-5 weeks beforehand. Ten I. holocyclus nymphs were applied 
to the backline of each animal. 
From the 5 non-immune guinea pigs only 11 engorged nymphs were recovered (a return of 
22%). No engorged nymphs were collected from the 5 immune animals however, indicating that 
previous sensitization by larvae conferred an immunity against the feeding of nymphs. Further 
evidence for this immunity against nymphs was obtained from the 9 animals killed for histopath-
ology of the skin lesions. Nymphs on these guinea pigs began feeding normally for 24-48h but 
died before 96h. The immune skin reactions surrounding these ticks were similar to that found 
with larvae feeding on immune animals (see Chapter 4). 
Immunity to larvae after sensitization by nymrhs 
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Only one experiment was carried out to see if the feeding of I. holocyc!us nymphs on guinea 
pigs conferred an immunity to the larval instar. Five guinea pigs sensitized by a previous dose of 
2-3 fully fed nymphs were challenged with a dose of 200 larvae 6 weeks later. The results are 
given in Table 10. 
TA8LE10 
Immunity to I. holocyclus larvae conferred by the feeding of 2-3 nymphs on guinea pigs 
(Ex pt. 8 855) 
Non-immune 
(controls) 
%return 
41.5 
Immune 
(nymphs) 
%return 
3.0 
%Rejection 
92.8 
S.E. p= 
13.5 <.001 
These results indicate that prior feeding by only 2-3 nymphs to full engorgement on guinea 
pigs conferred a solid immunity against a challenge dose of 200 larvae. 
Immunity to adult females after sensitization by larvae 
In experiment 8847 one adult female I. holocyclus each was attached to the external auditory 
meatus of 5 non-immune controls and 5 immune guinea pigs which had previously received a dose 
of larvae. All animals showed marked erythema and swelling of the ear 12h later, indicating that 
the feeding of the adult tick provokes an extensive inflammatory process of the surrounding tissue, 
regardless of the immune status of the host. 
In the non-immune group, the animals became depressed and slightly ataxic by the 6th day. 
Paralysis was not seen but one animal died overnight on the 7th day. The ticks fed normally on 
the remaining animals but only engorged to about 75% of maximum size (about 200mg weight), 
detaching on the 7th, 8th, 10th and 12th days respectively. The ears of the guinea pigs were still 
inflamed and swollen by this stage, but the animals rapidly recovered after detachment of the ticks. 
In the immune group, the ticks fed normally for 4-5 days but later appeared retarded and 
engorged only to about 50% maximum size (about 150mg weight). The sites of attachment notice-
ably oozed and a dried exudate formed crusts around the tick mouthparts. The ticks detached on 
the 6th, 7th (2), 9th and 10th days. No paralysis or ill-health was seen in the animals and the ears 
were less inflamed at the end of feeding than in the control group. 
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I! therefore appeared that the immune response was unable to reject the adult female ticks 
outright but reduced their ability to engorge and prevented toxic symptoms from arising. The 
fact that only 1 in 5 of the non·immune guinea pigs died suggested that this species is relatively 
resistant to paralysis by I. holocyclus females. 
Immunity to larvae after sensitization by adult females 
Two experiments were carried out to study the immunity to larvae conferred by the 
feeding of the adult tick 3 weeks previously. In the first (BB107) a single female tick per animal 
was allowed to feed in the ears of 3 groups of 5 non-immune guinea pigs for 48h, 72h and 144h 
respectively. In the 144h group one animal died at 140h and the other four showed some de-
pression and weakness, but paralysis was not seen. In the second experiment (BB115) a single 
female tick was allowed to feed for only 4h, 12h, 24h and 48h respectively on 4 groups of 5 
non-immune guinea pigs. In both experiments a challenge dose of 200 larvae was given 3 weeks 
later and compared to a group of non-immune control animals. The results are given in Table 11 
and Figure 8. 
Only 4-12h feeding by a single female tick was sufficient to confer 65% rejection of a 
challenge dose of 200 larvae. Six days feeding (144h) by a female conferred a 97.7% rejection 
rate. 
3.6 Discussion 
The results presented in this chapter show that guinea pigs are capable of acquiring a 
cutaneous immune response to infestation by I. holocyclus which is characterised by failure of 
subsequently attaching ticks to survive or successfully complete feeding on the skin. This immunity 
is not to be confused with immunity to the systemic effects of I. holocyclus "paralysis" toxin which 
may be present simultaneously but was not studied in this project. 
The experimental model 
I. holocyclus larvae proved to be suitable experimental parasites when cultured in individual 
chambers containing 200 ticks. Despite the lack of restraining devices to prevent the larvae from 
leaving the host or the host from grooming itself, consistent results were achieved within groups 
of animals concurrently exposed to larvae from the same batch (Table 1 ). The few exceptions 
were probably the result of poor technique in applying the ticks to the backline of guinea pigs. 
Using groups of 5 animals in each collecting cage it was possible to include far more animals than 
any previously published experiments on immunity to ticks. The abandonment of tick-restraining 
devices and the grouping of animals allowed a major saving in time-consuming labour. The model 
would seem suitable for larger-scale experimentation if a satisfactory method for mixing eggs from 
different batches was found, enabling production of 100-200 doses of larvae with equal total 
NON-IMMUNE ADULT IMMUNE EXPT. % (controlsx5) FEEDING (adult-fed x5) rejection S.E. p= NO. %RETURN TIME %RETURN 
4h 15.0 65.5 l.t.4 <.001 
12h 15.0 65.5 4.4 <.001 
BB115 43.9 24h 6.5 85.0 1.9 <.001 
48h 5.2 88.0 1.5 < . 001 
BB107 31.4 48h 1.5 95.2 2.4 <.001 
72h 1.4 95.3 2.3 <.001 
144h 0. 7 + 97.7 2.2 < . 001 
+ = 4 animals only 
RETURN OF ENGORGED LARVAE FROM 200 APPLIED 
Table 11 
100 
% 
rejection 
90 
of 
larvae 80 
70 
~15 
4 12 24 48 72 144 
hours feeding of one adult female 
Figure 8 
IMMUNITY TO I. holocyclus LARVAE 
CONFERRED BY A FEMALE TICK 
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viability. 
The immune response was measured by comparing the number of engorged larvae detaching 
from immune guinea pigs with the number detaching from non-immune controls. It was expressed 
in terms of the percentage of the challenge dose which appeared to be rejected, using the formula : 
( immune return J %Rejection= 100 1------
control return 
By this means, variable factors such as larval viability and host susceptibility were reduced to a 
minimum. Guinea pigs which had received a primary dose of larvae 3-5 weeks previously showed 
a mean of 92.9% rejection of a challenge dose (Table 2). This figure is almost exactly equal to that 
found by Allen (1973) in 3 groups of 3 guinea pigs immune to D. andersoni larvae. It is much higher 
than that found by Garin & Grabarev (1972) using R. sanguineus larvae on guinea pigs where only 
40% rejection occurred. 
The immunity appears within 1 week of the primary dose, 94% of a challenge being rejected 
after this interval (Table 3). This finding agrees with that of Allen (1973) using D. andersoni 
larvae. The immunity also appears to be long-lasting, at least 4 months or more. After a primary 
dose of only 11 engorged larvae per animal, a 51.8% rejection was still recorded 9 months later in 
one experiment (Table 5). Multiple doses of larvae failed to increase the immune response beyond 
that of single-dose immunity (Table 4), again agreeing with Allen (1973) who found that 3 doses 
of D. andersoni did not increase the rejection rate. It therefore seems that the rejection mechanism 
operates maximally at a level of about 93-95%, a few larvae always managing to survive and feed to 
repletion. In no experiment was 100% rejection of the challenge dose found, the maximum recorded 
being 98.9%. If the primary dose of larvae is low, the immunity does not appear to be as long-lasting 
as that in guinea pigs which have had more than about 70 larvae feeding to repletion from a primary 
infestation (Table 5). 
Cross-immunity with other instars of I. holocyclus 
There appeared to be no significant antigenic difference between the larval, nymphal and adult 
instars- all being capable of cross-immunizing (Section 3.5). Immunity against larvae and nymphs 
caused death of the ticks but adults were able to survive, although with reduced engorgement of 
blood. Immune guinea pigs were also resistant to the paralysis toxin of adult I. holocyclus, whether 
through the production of antibodies or because of the reduced ability of the ticks to feed is not 
clear. Cross-immunity between tick instars has not previously been reported although Doube & 
Kemp (1975) suggested that prior exposure to l.holocyclus larvae and nymphs might induce resis-
tance to the adult females and so protect calves from paralysis. 
The development of immunity to I. holocyclus larvae was shown to be associated with active 
feeding by the parasite (Section 3.3). No method was found to feed larvae for only a limited period 
on guinea pigs, even placing the animals inside plastic bags with chloroform did not kill all the ticks 
in situ. Insecticides were not used because of their residual effect on a challenge dose. Adult 
females were thus allowed to feed for limited periods on guinea pigs before being removed with 
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forcepc;. Even 4h feeding conferred 65.5% immunity against a challenge infestation of larvae 
and 48h feeding conferred over 90% protection (Table 11 ). These resu lts suggest that (a) the 
dose of I. holocyclus antigen required to immunize guinea pigs is small, (b) the responsible 
antigen(s) are present in the tick saliva from the beginning of feeding and (c) ~ holocyclus toxin 
is not involved in the immunization against attachment and feeding of the parasite. This latter 
conclusion is derived from the finding that the toxin is present in saliva of the females only after 
the 3rd day of feeding (Murray & Koch, 1969). 
Other effects of the immune response on the tick 
The experimental model described in this chapter was mainly concerned with the reduced 
survival rate of larvae on immune guinea pigs. Branagan (1974) found that immunity against 
R. appendiculatus in rabbits was also manifest by reduced weight of the engorged ticks and a pro-
longation of the feeding period. No such extension of the time taken to feed was found with L 
holocyclus larvae on immune guinea pigs (see Figure 7). The weight of engorged larvae was not 
measured in this study but they often appeared slightly smaller than those fed on non-immune 
controls. Immune guinea pigs usually returned a variable number of partially engorged larvae but 
these were an unreliable indicator of the immune response. Adult female I. holocyclus feedi ng on 
immune guinea pigs were able to survive but remained attached with a reduced ability to engorge 
(Section 3.5). The effects of the immune response on the tick will be discussed in Chapter 5. 
Variation of larval viabi lity 
Wide variations in the ability of I. holocyclus larvae to successfully engorge were found. On 
non-immune guinea pigs the returns ranged from 10.9-67.1% (Table 1) even though the larvae 
were kept under identical conditions. No explanation for this unpredictable variation was found 
and the subject requires further investigation. Allen ( 1973) found that 78.8 - 86.2% of D. ander-
soni larvae fed to reoletion on outbred guinea pigs and Garin & Grabarev (1972) found 45.6% of 
R. sanguineus larvae fed fully on unspecified guinea pigs. The numbers of animals and experiments 
these authors reported were small, however. 
A significant difference in the ability of I. holocyclus larvae to feed on inbred Heston guinea 
pigs was found. This strain returned a mean of 69.9% engorgements compared with only 36.5% 
from outbred guinea pigs (Table 7). This finding suggests that host variability may play an impor-
tant role in larval feeding and is an example of non-immunological resistance which needs more 
study. Of interest is the observation that Heston guinea pigs arc also more susceptible to infection 
with the nematode parasite Trichostrongylus colubriformis (T. L.W. Rothwell, 1975, personal 
communication) . 
Larvae kept for longer than about 8 weeks were found to have a reduced ability to feed 
successfully (Table 8). Branagan (1974) showed that R. appendiculatus larvae more than 12 weeks 
old rapidly lost their viability. Honzakova (1971) reported that I. ricinus larvae took longer to 
complete feeding when they had been stored for some months. This phenomenon emphasizes the 
need to always have a control group of non-immune animals when investigating immunity to 
ticks, otherwise a false immune effect may be observed solely due to the increasing age of the 
parasites used. 
3.7 Summary 
(1) A quantitative experimental model of acquired cutaneous immunity to the tick 
I. holocyclus in the guinea pig is described. 
(2) When 200 larvae were fed on non-immune guinea pigs approximately 70 of them 
(mean 36.5%) detached fully engorged 3-6 days later. Inbred Heston guinea pigs were more 
susceptible to larval feeding and nearly twice the number engorged successfully on this strain 
(mean 69.9%) than on outbred animals. 
(3) I. holocyclus larvae stored under identical conditions showed a wide variation in 
viability which was largely unpredictable. Larvae older than 8 weeks may have a reduced 
ability to engorge. 
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(4) Guinea pigs exposed to a primary infestation of 200 larvae rapidly developed a long-
lasting immunity to attachment and feeding by subsequent infestations. This immunity was 
measured quantitatively by applying an equal challenge dose and relating the number of larvae 
which engorged on immune guinea pigs to those which engorged on non-immune controls. This 
ratio ( R) was used to estimate the apparent immunity expressed by the percentage of larvae re-
jected i.e. 100(1 - R). A mean rejection rate of 92.9% was recorded from 75 immune guinea 
pigs 3-5 weeks after the primary dose. 
(5) Repeated infestations of larvae did not further increase the protective effect of the 
immune response beyond that seen with a single primary dose. 
(6) Cross-immunity occurred between all three instars of I. holocyclus. The immune skin 
reaction was lethal to larvae and nymphs which began feeding but died within 72h on sensitized 
hosts. Adult female ticks survived on immune guinea pigs but failed to engorge fully. 
(7) The immunity was associated with active feeding by the ticks and it was presumed that 
the responsible antigens were present in their salivary secretions. The immunizing dose required 
appeared to be small as only 8 larvae or 2 nymphs feeding to repletion or a single adult female 
feeding for 48h resulted in over 90% protection from challenge infestations of larvae. 
(8) It was not thought that I. holocyclus paralysis toxin plays a role in the cutaneous 
immune response directed against feeding of the ticks. 
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Chapter 4. SKIN REACTIONS TO Ixodes holocyclus IN GUINEA PIGS BEFORE 
AND AFTER SENSITIZATION TO THE TICK 
4.1 I ntroduC'tion 
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Preliminary observations on the immune response to I. holocyclus in guinea pigs showed 
that an erythematous skin reaction at the site of tick attachment developed within 24h on the 
sensitized host (see Chapter 3.3). It also appeared that this skin reaction coincided with failure 
of survival of the ticks, which usually died by 72h. It was therefore anticipated that a close look 
at the histological changes in the feeding lesions might offer some explanation for this phenomenon. 
Few reports have been published on the histology of tick-bite lesions and in most of these 
the emphasis has been on mechanisms of attachment and the nature of any "cement" substance 
(Foggie, 1959; Saito & Ohara, 1961; Arthur, 1962; Moorhouse & Tatchell, 1966; Moorhouse, 1967; 
Chinery, 1973; Moorhouse, 1971; Balashov, 1972). Detailed sequential studies of the host reaction 
during tick feeding were carried out by Tatchell & Moorhouse (1968) using B. microplus on cattle 
and by Theis & Budwiser (1974) using R. sanguineus on the dog. Trager (1939) published the 
first histological study on the different responses of immune and non-immune hosts to tick infest-
ations. Using D. variabilis larvae on guinea pigs, he found that on the 4th day after attachment to 
non-immune animals there was little cellular reaction at the feeding site. In immune animals, 
however, he found an intense inflammatory reaction which resulted in the mouthparts of the tick 
meeting a solid mass of leucocytes and the epidermis growing beneath this lesion. Trager speculated 
that in this way the tick became separated from the supply of l::!ood before it could engorge. Allen 
(1973) used D. andersoni larvae on guinea pigs and confirmed similar results with the additional 
finding that eosinophils and basophils were prominent cells in the inflammatory infiltrate. 
The only previous reports on the histology of I. holocyclus feeding lesions have been those 
of Moorhouse (1967, 1971). He found that this tick did not produce any cement substance but 
instead pem!trated deeply into the host's tissues, sometimes beyond the posterior margin of the 
scutum. The feeding lesion was located beneath the tips of the chelicerae and only ra rely extended 
more superficially along the length of the mouthparts. Destruction of the host's epidermis was 
found over a greater distance than the dermal destruction, presumably the result of histolytic 
activity by the tick sal iva which was seen to spread periodically over the skin as a free-flowing 
liquid. Such lateral escape of saliva is caused by the absence of a cement cone or other devices 
in the tick's feeding apparatus. 
No previous studies of host immunity to the attCJchment and feeding of I. holocyclus had 
been published until that of the author (Bagnall & Rothwell, 1974). This chapter presents the 
results of histological investigations made on over 160 guinea pigs infested with primary and 
subsequent doses of I. holocyclus larvae, nymphs and adult females. 
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4.2 ~ials and methods 
The type of guinea pigs used and the method of application of the ticks were the same 
as those described in Chapter 3.2. 
Collection of skin specimens 
All samples of skin were collected immediately post mortem. Hair along the backline 
was cut with Oster No.40 clipper blades which allowed exposure of the skin without damage 
to the attached ticks. The entire backline skin was excised and placed in a plastic petri dish 
for prior visual inspection with transillumination from beneath (Figures 9-11 ). Individual ticks 
and their surrounding skin were excised with a 2mm or 3mm biopsy punch. Larger areas of 
skin with a number of attached ticks were excised with a scalpel blade and kept flat by placing 
on a piece of card. Care was taken to ensure that the full skin thickness including muscle layer 
was removed. 
Preparation of skin sections for light microscopy 
Skin samples were routinely fixed in Bouin for 24h and then transferred to several changes 
of 70% alcohol before storage in the same. Specimens were carefully trimmed to present a cutting 
surface which contained one or more feeding lesions, not an easy task with the small larvae. 
Tissues were machine-processed using chloroform for clearing and Paraplast paraffin wax for em-
bedding. Samples were placed face-down in Tissue-Tek moulds to simplify trimming of the blocks 
until the centres of the feeding lesions were exposed. Sections were cut at 6 }.J • 
A modified Giemsa stain was developed by the author for the demonstration of basophils 
in paraffin-embedded skin sections. The method is described below: 
(1) Bring sections to water and place flat on a staining rack. 
(2) Freshly mix equal volumes of pH6.0 phosphate buffer and May-Greenwald-Giemsa 
stain in a small beaker and pour onto slides. 
(3) Allow to stand for 7 min then wash off with a stream of tap water. 
(4) Differentiate in 95% alcohol for 15 sec and then pass through several changes of 
absolute alcohol for a maximum of 45 sec. 
(5) After several changes of xylol, mount in DPX. 
(6) Cell nuclei should stain a deep blue otherwise the basophil granules may not have 
been stained sufficiently to be visible. Intensity of staining can be increased by reducing the time 
spent in alcohol or vice versa. 
Results: Epidermis blue, collagen pink, muscle blue/green. Basophil granules blue/black, 
Mast cell granules purple, eosinophil granules light red. Erythrocytes green/pink. 
Preparation of stain: (Lynette Hoskins, 1973, personal communication). Giemsa 
NA 0561 (Allied Chemical) 3g. May-Greenwald NAD (Allied Chemical) 1g. Glycerol 15ml. 
Methanol A.R. (Coleman & Bell) 1,000ml. Mix the above in a flask sealed with a cotton wool 
ttQpper, lncubate at 37°C for 10 days until the solution is polychrome. Stir solution each day 
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during incubation. 
Other stains used were: H&E for general purposes. Chromotrope 2 R (Lend rum, 1944) 
for eosinophils. Skin sections prepared for electron microscopy by embedding in Spurr's resin 
(see below) were also cut at I )J for light microscopy and stained with methylene blue/azure II/ 
basic fuchsin according to the method of Humphrey & Pittman (1974). Fresh impression smears 
of skin lesions were stained with May-Greenwald-Giemsa blood film stain (Wilson & Hoskins, 1975). 
Preparation of skin sections for electron microscopy 
Samples of skin plus attached ticks were placed immediately in formaldehyde-glutaraldehyde 
fixative ( Karnovsky, 1965) at 4°C for 15 min. The specimens were then trimmed to form 1 mm 
cubes and allowed to fix for a further 24h at 4°C. Following this, the tissues were washed with 
0.1 M cacodylate buffer and stored with 3 or 4 changes of this solution for periods from 3-30 days 
at 4°C to ensure removal of all traces of fixative. After post-fixation for 3h in 1% osmium tetrox-
ide at 4°C, the blocks were stained in 2% uranyl acetate for 2h at room temperature. Following 
dehydration through alcohols, the blocks were kept overnight in acetone and then embedded in 
several changes of Spurr's resin, allowing penetration for 2 days before polymerization at 70°C 
for 18h. Thin sections were cut on an ultramicrotome with a diamond knife and stained with 
lead citrate and uranyl acetate before viewing with a Philips EM300 electron microscope. 
Preparation of larval antigenic extracts 
Crude extracts of I. holocyclus were prepared by grinding 10,000 freshly-frozen larvae 
(500mg) in a glass mortar for 5-10 min until a wet muddy-brown substance was produced. Further 
grinding after addition of 1-2ml saline ensured that all larvae were thoroughly ground. The mixture 
was made up to 5ml and centrifuged for 5 min to remove particulate matter. The final extract 
had a dark brown colour with a characteristic odour. Extracts were stored at -20°C for up to 2 
years without loss of antigenicity. A dose of 0.1 ml was regarded as being the equivnlent of 200 
larvae. The protein concentration was 5-6mg/ml estimated by the method of Lowry et al. (1951 ). 
RESULTS 
4.3 Skin reactions to larvae 
Experiments were carried out using equal numbers of immune and non-immune (as defined 
in Chapter 3) guinea pigs of the same age. Only females were used as male guinea pigs frequently 
suffered from fight wounds to the backline skin. Animals were killed at intervals after arplication 
of 200 larvae to the backline area. 
Non-immune guinea pigs 
Macroscopically, the feeding larvae did not produce visible skin lesions on non-immune 
animals until the last stage of engorgement, from 72-96h (Figure 9). At this time a small area of 
erythema 1-2mm diameter became noticeable in the skin surrounding each enlarging tick. 
Examination of the under-surface of the skin showed that these areas were associated with 
small haemorrhages from cutaneous blood vessels. The most significant cutaneous changes 
were not seen until after the engorged tick had detached, however. By 5 days the zone of 
erythema at the bite sites had increased to 3-4mm and the skin often appeared generally 
inflamed. The ma ximum reaction occurred on the 7th day when the erythematous zones 
attained a diameter of 5mm or more and were thus confluent where larvae had fed closely 
together. These lesions were usually covered with fine scales or crusts (Figure 11) and per-
sisted for several days before regressing by the 14th day. 
Histology of the non-immune feeding lesion 
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Histological examination of the lesions showed that I. holocyclus larvae feeding on 
non-sensitized guinea pigs usually provoked a minimal cutaneous inflammatory response during 
the period of attachment. The sequence of tissue changes associated with the normal feeding 
process was observed. 
As early as 3h after attachment a zone of disoriented collagen appeared around the 
larval mouthparts inserted under the epidermis. Consideration of the anatomy of these mouth-
parts (Figures 12-13) leads to an understanding that the larva is anchored to dermal collagen by 
the barbed hypostome and that tension on the collagen bundles will result in the "pinched.histo-
logical appearance at this site. At the same time, normal fibroblasts and tissue macrophages 
within this zone were seen i:o be depleted, presumably ingested by the tick (Figure 14). By 12h 
local capillaries often contained numbers of neutrophils and these cells migrated towurds the 
feeding area around the mouthparts forming a mild infiltrate. The cell-free zone of collagen 
surrounding the hypostome increased in size and at 24h was seen to contain fragments of disin-
tegrating nuclei. Reactive acanthosis and spongiosis was commonly seen in the epidermis adjacent 
to the attached tick by 48h. The feeding lesion at 72h was essentially unchanged except for 
dilatation of dermal blood capillaries with extravasation of erythrocytes towards the rr.outhparts. 
A very small "pool" of food debris often appeared near the centre of the lesion. The degn'!e of 
infiltration by inflammatory cells varied, being more pronounced if bacterial infection of the 
feeding site was present. Bacteria were often visible in the Giemsa-stained sections. Many bite 
lesions were almost devoid of inflammatory reaction, however (Figure 14). At 96h most of the 
larvae were nearing full engorgement and many had already detached from the host. Capillaries 
at this stage were often markedly dilated, with leakage of red blood cells into the feeding area. 
The striking feature at this period was the appearance of basophils in increasing numbers, both 
within blood vessels and amongst the dermal collagen at the feeding site. Macrophages contain-
ing ingested debris were present in the later stages of feeding around the periphery of the lesion. 
The non-immune post-feeding lesion 
After detachment of the fully fed larva at 90-100h the skin reaction in non-immune 
guinea pigs rapidly changed so that at 5-6 days the residual lesion showed an intense inflammation 
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with massive numbers of infiltrating basophils. A few eosinophils, neutrophils and lymphocytes, 
together with macrophages and fibroblasts, were also evident. Blood capillaries were now mark-
edly dilated and the zone of inflammatory cells extended to two-thirds the depth of the dermis. 
Individual bite lesions at this acute stage were frequently confluent with neighbouring reactions. 
Henling had usually begun by 8 days with fibroblastic repair of the dermis and acanthosis and 
hyperkeratosis of the epidermis (Figure 21 ). Bascphils were still present in massive numbers 
nonetheless and hair follicles in these areas seemed to be destroyed by the inflammatory reaction. 
At 14 days the lesions were characterised by advanced fibrous repair of the dermis but basophils 
remained in quantity. A noticeable feature now was the appearance of large numbers of 
eosinophils, almost equalling those of basophils. By 21 days the lesions had substantially resolved, 
leaving only fibrous scar tissue and a few remaining basophils and eosinophils. 
Electron microscopy of the non-immune feeding lesion 
At 18h the only noteworthy feature was the appearance of moderate numbers of neutro-
phils at the feeding site. These often discharged their cytoplasmic granules when the cells 
disintegrated at the periphery of the cell-free collagenous zone (Figure 24). Accumulations of 
fibrin were also seen at this stage. By 72h, erythrocytes and neutrophils combined with fibrin to 
form the main necrotic debris in the feeding area. No cement substance of any kind was seen near 
the mouthparts and collagen fibres in most of the cell-free zone appeared normal. An occasional 
.basophil was often seen in early feeding lesions on non-immune animals (Figure 26). Basophils 
appearing in large numbers after the tick had detached were similar in appearance to those described 
below in sections from immune animals, but did not degranulate as freely. 
Immune guinea pigs 
At least 3 weeks interval was allowed between the primary (sensitizing) infestation of 
I. holocyclus larvae and the challenge dose. This period enabled skin reactions from the first 
ticks to regress. 
Macroscopically, the first skin reactions after application of larvae to immune guine:~ pigs 
occurred as early as 18h. Erythema at the site of each tick was obvious and by 24h had increased 
to 2-3mm diameter. Closer inspection often revealed that local swelling of the skin was accen-
tuating the depth of penetration by the larva. At 48h the erythematous skin reactions attained 
a maximum size of 3-4mm and many of the attached larvae were now dead (see Chapter 5). By 
72h most of the ticks were dead and some of the earlier reactions appeared to be regressing 
(Figure 10). The reactions had substantially regressed at 96h and the epidermis over these areas 
became covered with fine scales and occasionally crusts, particularly if a number of ticks had fed 
in close proximity. Eczematous areas of skin with oozing, crusting and hair loss also occurred on 
immune animals when many ticks fed from the same area. By 5 days the lesions further regressed 
and complete repair had usually taken place by 8 days. 
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Histology of the immune feeding lesion 
Histological examination of the lesions showed that I. holocyclus larvae feeding on 
sensitized guinea pigs provoked an intense delayed-onset inflammatory response characterised 
by the accumulation of massive numbers of basophils around the mouthparts of the ticks. 
At 12h after attachment there was no obvious difference between, the feeding lesions 
on immune or non-immune guinea pigs. At 18h, however, the immune lesions showed that 
basophils, lymphocytes and neutrophils had begun to infiltrate a wide area around the mouth-
parts. By 24h the accumulation of basophils was marked (Figure 22) and at 48h had reached 
considerable intensity (Figure 15). Capillary blood vessels were often packed with basophils 
(Figure 17) and these cells accumulated in large numbers within and underneath the epidermis 
near the tick (Figure 18). Even with the light microscope it was possible to see that in some 
areas close to the tick the majority of basophils had released their granules, forming dense 
aggregations of them in vesicles under the stratum corneum of the epidermis. Despite the 
intense infiltrate of basophils, the zone of collagen adjacent to the hypostome was often kept 
depleted of cells (Figure 23), presumably because the ticks were actively ingesting them (see 
Chapter 5). Oedema was usually present in the feeding lesion, causing fluid-filled spaces in the derm· 
and spongiosis of the epidermis (Figure 15). By 72h most larvae had died when the basophil-rich 
lesions reached their maximum intensity. Eosinophils were now present in the lesions in increasing 
numbers and often migrated around the tick mouthparts. At 96h virtually all larvae were rejected 
and the lesions then began regressing, often forming a slough at the site of tick attachment 
(Figure 20). At this stage the number of eosinophils sometimes equalled that of basophils. By 
5 days the epidermis had healed with marked residual acanthosis and hyperkeratosis. After 8 days 
the lesions showed evidence of fibrous repair and gradually decreasing numbers of basophils and 
eosinophils. 
Giemsa-stained impression smears of freshly-incised feeding lesions were helpful as a rapid 
method for the detection of basophils (Figure 19). 
Electron microscopy of the immune feeding lesion 
By 48h basophils dominated the picture with their masses of released granules which 
remained largely intact outside the cells (Figure 25). The process of degranulation was observed 
as follows. The normal basophil (Figure 26) contains oval-shaped cytoplasmic granules which 
show a characteristic banded structure under high magnification (Figure 27). The first sign of 
impending degranulation was an increase in the size of the perigranular spaces (Figure 28) which 
later coalesced to form large intracellular vesicles containing a number of granules (Figure 29). 
The cell then apparently ruptured and the granules were released into the tissue spaces and even 
into the layers of the epidermis (Figure 25). Sometimes changes in the structure of the granules 
occurred whilst still within the cell cytoplasm, suggesting disintegration of the banded latticework 
(Figure 30). Extruded basophil granules were regularly seen phagocytosed by neutrophils and 
macrophages (Figure 31 ). Eosinophils did not appear to degranulate as freely and their granules 
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were not observed to alter from their normal structure (Figure 32). Degranulation of dermal 
mast cells was not seen, the characteristic cytoplasmic granules being small and pleomorphic 
(Figure 33). 
Histology following multiple infestations of larvae 
The feeding lesions of immune guinea pigs which had received more than one previous 
infestation of I. holocyclus were notable by the presence of many more eosinophils in the 
inflammatory infiltrate. 
As early as 12h after the attachment of the larva eosinophils would be present in moderate 
numbers around the tick mouthparts and also in the deeper layers of the dermis. By 48h these 
cells were often seen to accumulate in massive numbers, particularly beneath the epidermis at the 
site of tick attachment (Figures 34-35). Animals which had received a total of 5 infestations of 
larvae over 4 months showed a characteristic histological picture in which eosinophils far out-
numbered basophils. 
4.4 Skin reactions to nymphs 
Because guinea pigs were not attractive hosts to I. holocyclus nymphs, skin reactions to 
the feeding of this instar were only briefly examined. Nymphs were fed on 5 non-immune 
animals and 5 immunes of which 4 were previously infested with larvae and 1 previously infested 
with nymphs (Experiment Nos. BB9, BB11, BB12). 
Generally, the sequence of skin reactions was similar to that seen wi th the feeding of 
larvae. Macroscopically, an erythematous skin reaction on non-immune animals only became 
evident towards the end of feeding, about the 5th day. By the time the nymphs had detached, 
a definite haemorrhagic lesion 3-4mm in diameter remained. On immune animals an erythematous 
reaction occurred by 24h at the bite site and this reached its peak by 72h. 
Histology of the non-immune nymphal feeding lesion 
Until 48h the lesion resembled that of a larva with much the same depth of dermal pene-
tration by the tick mouthparts. By 96h, however, it was clear that many more neutrophils were 
attracted to the feeding site and a more obvious "pool" developed ulongside the hypostome 
(Figure 36). In between the bundles of collagen fibres could be seen fibrin plus many neutrophils 
and erythrocytes, both intact and disintegrated. In a radiating pattern these channels of food 
appeared to be making their way towards the mouthparts and the small f eeding pool. At 120h 
(5 days), when the nymph was nearly fully-fed, a more striking skin lesion was produced (Figure 
37). The zone of collagen around the hypostome was distended with many channels containing 
quantities of frank blood. Surrounding this area was an intense infiltrate consisting mostly of 
neutrophils, but many basophils had already appeared at this stage. Blood vessels over a wide 
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zone were dilated. 
Histology of the immune nymphal feeding lesion 
No difference was seen between the immune nymph-bite reactions produced by previous 
exposure to larvae or nymphs. The same intense basophil inflammatory response as described 
in the larval immune feeding lesions was seen. By 72h most of the nymphs had died and the 
lesion began to be sloughed off (Figure 38). Many more neutrophils were seen in these reactions 
than were present in the immune larval reactions. 
4.5 Skin reactions to adult females 
As described in Chapter 3.5, adult female I. holocyclus were fed on the ears of 5 guir~ea 
pigs which had previously been sensitized by prior exposure to an infestation of larvae (Experiment 
No. 8847). Five non-immune controls were also used. The adults provoked a marked early 
inflammatory response over a wide area of skin in both immune and non-immune animals. This 
occurred within a few hours of the ticks commencing feeding. 
Non-immune guinea pigs 
The adult ticks fed normally for 4-5 days but then failed to reach the stage of final rapid 
engorgement which characterised adults feeding on bandicoots, dogs or rats. The ticks on the 4 
surviving animals (one died from toxicity) slowly engorged to aoout 200mg or less and detach-
ment was somewhat delayed (7-12 days). At all stages of feeding on the non-immune animals 
considerable swelling and erythema of the surrounding skin for 1 0-20mm was apparent. The tick 
which did not detach until the 12th day left a 6mm raised and crusted skin lesion which was 
examined histologically (Figure 39). Extensive necrosis, bacterial infection, haemorrhage and scar 
tissue complicated the histological interpretation, but the outstanding feature was nonetheless a 
heavy infiltrate of basophils with some eosinophils as well. Necrotic areas of tissue near the tick 
mouthparts showed an accompanying purulent inflammation with masses of neutrophils predom-
inating. 
Immune guinea pigs 
The adult ticks fed normally for 4-5 days but did not provoke such an intense local 
cutaneous inflammation as was seen in the non-immune guinea pigs. The ticks slowly engorged 
to less than 150mg and the attachment sites were notable for their oozing and crusted appear-
ance. The ticks remained firmly attached but dropped off in 7-10 days. Sections of 3 lesions 
after detachment were examined histologically. The findings were similar to those of the 
previously described 12-day non·immune lesion. Necrotic tissue and purulent inflammation 
around the tick mouthparts failed to mask the underlying intense infiltrate of basophils over a 
wide area. 
• 
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FIGURE 9. Larvae which have fed for72h 
on the skin of a non-immune guinea pig 
and are beginning to engorge. Some 
erythema is just visible around the 
attachment sites . 
FIGURE 10. An immune guinea pig 
shows hypersensitivity reactions to larvae 
which were applied 72h ago. Most ticks 
have died although some remain partially 
engorged. Marked erythema around sites 
of tick attachment. 
FIGURE 11. Skin reactions six days after 
application of larvae to a non-immune guinea 
pig. The ticks have successfully engorged and 
detached 1-2 days ago. The sites of former 
larval feeding have become erythematous, 
slightly thickened and covered with fine scales. 
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FIGURE 9a. Non-immune guinea pig 
which had I. holocyclus larvae applied 48h 
previously. No skin reactions are visible 
at the sites of the feeding ticks. Hair 
clipped off backline just prior to 
photography. 
FIGURE 10a. Immune guinea pig 
showing intense local cutaneous hyper-
sensitivity reactions at sites of larvae 
which have been feeding for 48h. 
FIGURE 12. Antero-ventral view of an unfed I. holocyclus larva, length approx. %mm. 
Beside the mouthparts (top right) can be seen the palps, which flatten back against the 
surface of the host's skin when the tick is attached and feeding. X 375. 
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FIGURE 13. View of mouthparts showing the immobile hypostome with its bilateral double 
rows of backward-pointing teeth. Dorsal to this can be seen the two chelicerae equipped with 
cutting teeth which pierce the skin with active to and fro movements. In between is the food 
channel. X 3600. 
FIGURE 14. A larva feeding for 40h on a non-immune guinea pig has produced almost 
no inflammatory reaction in the skin. Around its hypostome, anchored between 2 hair 
follicles in the dermis, can be seen the cell-free zone of collagen. Local capillaries are 
congested with pale-blue-staining red blood cells. Giemsa X 100. 
FIGURE 15. A 40h lesion of a larva feeding on an immune guinea pig showing the 
intense cellular inflammatory response. The epidermis is spongiotic and accumulations 
of basophils have formed under the stratum corneum near the mouthparts. There is 
72 
a marked dermal infiltrate which consists primarily of basophils. Around the embedded 
hypostome they are depleted where the tick had presumably ingested them. Oedema 
has caused apparent spaces in the upper dermis. Giemsa X 100. 
FIGURE 16. Dermal blood capillary of a 48h larval lesion on an immune guinea pig. 
Vessel and adjacent dermis contain cells which appear to be polymorphonuclear 
eosinophits with pink-staining granular cytoplasm. Haematoxylin & Eosin X 1000 
FIGURE 17. The same vessel stained by the modified Giemsa technique for 
paraffin·embedded sections. Basophils are revealed by the dark staining of their 
granules. X 1000 
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FIGURE 18. Dermal basophils just 
beneath epidermis (top} in 48h larval 
lesion from an immune guinea pig. A 
few fibroblasts and mononuclear cells 
are present but more than 75% of the 
infiltrate consists of basophils. 
Giemsa X 1000 
• 
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FIGURE 19. Impression smear from a 
freshly-incised 48h larval lesion on an immune 
guinea pig. Masses of basophils and their 
extruded granules can be seen. 
Giemsa X 1000 
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FIGURE 20. Larval lesion from immune guinea pig at 96h. Dead tick has been 
sloughed off as plug of cellular debris consisting primarily of basophils and eosinophils 
is being pushed upward by downward growth of regenerating epidermis. 
Giemsa X 100 
FIGURE 21. Skin of previously unexposed animal 8 days after successful feeding of 
first dose of larvae. Intense post-detachment reaction at site of larval feeding is marked 
by basophil infiltrate which leaves many hair follicles destroyed. Epidermis shows 
reactive acanthosis. Giemsa X 1 00 
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FIGURE 22. Larva feeding for 24h on immune guinea pig. Basophil response has just 
begun in the upper dermis but area of collagen around tick's hypostome is kept cell-free, 
presumably the result of ingestion by the parasite. Giemsa X 60 
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·- . 
. ' , ~ 
t • .. • .,. 
76 
FIGURE 23. Larva feeding for 48h on immune guinea pig has provoked a more intense 
basophil reaction at the site of attachment to the dermis. Area of collagen around 
mouthparts is still being kept depleted of cells. Giemsa X 60 
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FIGURE 24. Electron micrograph of 18h larval skin lesion from non-immune guinea pig. 
Neutrophil (lower cell) is in process of disintegrating and releasing its characteristically-shaped 
cytoplasmic granules near the tick. Fibroblast (upper cell) appears normal. X 20,500 
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FIGURE 25. Subcorneal vesicle near mouthparts of larva feeding for 48h on skin of immune 
guinea pig. Several basophils have degranulated resulting in accumulations of their intact 
granules. Some can even be seen within the remains of the stratum corneum (upper right) . .' 
X 9,600 
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FIGURE 26. Solitary basophil from 18h larval skin lesion on non-immune animal. Cell has 
relatively normal appearance with oval-shaped cytoplasmic granules and multi -lobed nucleus. Peri-
granular spaces are minimal in size. Note normal collagen fibres above and below cell. 
X 24,500. 
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FIGURE 27. Characteristic banded and latticework patterns of guinea pig basophil 
granules when viewed under high magnification. Narrow perigranular spaces contain fibrillar 
material which suggests a filamentous structure of the granules. X 120,000 
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FIGURE 28. Basophil from 48h larval lesion on immune guinea pig, showing early 
signs of impending anaphylactic-type degranulation. Enlargement of perigranular spaces . and 
iusion of some perigranular membranes is accompanied by presence of cytoplasmic vacuoles, 
visible here beneath the nucleus. X 24,000 
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FIGURE 29. Basophil from 48h immune lesion showing advanced progress towards 
degranulation by cell rupture. Perigranular spaces have coalesced to form a large vacuole 
containing granules which are increasingly filamentous in appearance. Thin rim of cytoplasm 
now crowded with small vacuoles. X 20,000 
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FIGURE 30. Basophil granule (centre, above nucleus) showing disruption of filamentous 
components and loss of electron density, thought to be associated with histamine release (Chan, 
1972). Cell has not yet completed degranulation. Larval immune lesion, 72h. 
X 30,500 
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FIGURE 31 . Dermal macrophage which has engulfed several free granules and other 
cellular debris from degranulated basophils, seen here in a large phagocytic vacuole within 
the cytoplasm. Larval immune lesion, 72h. X 30,500 
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FIGURE 32. Eosinophil from 72h larval immune lesion, showing normal structure. 
Granules contain characteristic electron-dense crystalline cores. Free granules were not common. 
X 48,000 
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FIGURE 33. Mast cell from dermis of 72h larval lesion on immune guinea pig, show-
ing apparently normal structure which is quite different to that of basophils. Cytoplasmic 
granules are smaller and heterogeneous, some having a banded appearance (centre left) and 
others cord-like (lower right). Degranulation-type changes were not seen in tick reactions. 
X 30,500 
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FIGURE 34. Tick rejection lesion at 48h on immune guinea pig which had 
received 2 previous I. holocyclus infestations. Intense cellular reaction at site of 
former larval attachment is about to be sloughed off. Chromotrope & G iemsa X 100 
FIGURE 35. Higher power 
view of above lesion shows that as 
well as basophils (centre), accumula-
tions of masses of eosinophils 
occurred near the epidermis (top 
right) at the site of tick attachment. 
Eosinophil granules stained red. 
Chromotrope & Giemsa 
X 400 
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FIGURE 36. Nymphal 
I. holocyclus 96h feeding lesion 
on non-immune guinea pig (tick 
dislodged during processing). 
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Small "pool" of cellular debris 
visible at site of tick's hypostome 
anchorage in dermis. Otherwise 
minimal inflammatory response. 
Giemsa X 60 
FIGURE 37. Nymphal 
feeding lesion near time of tick 
detachment at 120h (5 days) on 
non-immune guinea pig. Increased 
neutrophilic inflammatory infiltrate 
with many basophils also present. 
Lesion is haemorrhagic and erthro-
cytes distend spaces between collagen 
bundles in direction of tick mouth-
parts. Giemsa X 60 
FIGURE 38. Nymphal 
lesion at 72h on immune guinea 
pig. Intense cellular infiltrate is 
comprised of basophils and neutro-
phils, forming dense aggregations 
under the stratum corneum of the 
epidermis at the site of former tick 
attachment. Giemsa X 60 
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FIGURE 39. Lesion on ear of non-immune guinea pig caused by 12 days slow 
feeding of an adult female tick. Extensive crusting, necrosis, secondary bacterial infection 
and haemorrhage are present (top). Neutrophils dominate cellular response but masses of 
basophils are also evident throughout, indicating that the animal became sensitized to the 
tick whilst it was still in the process of engorging. Giemsa X 20 
FIGURE 40. Intense 48h inflammatory reaction following intradermal injection of 
0.1 ml larval I. holocyclus antigenic extract into an immune guinea pig ( 1 previous infesta-
tion of larvae). Mixed cellular infiltrate resulting from irritant nature of extract is present 
throughout entire dermis. Finding of numerous basophils indicates immune response in 
sensitized animal. Giemsa X 60 
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The histopathology of the feeding lesions of adult female ticks on dogs and bandicoots 
is described in Chapter 8. 
4.6 Skin reactions to larval antigenic extract 
One experiment (8894) was carried out to investigate skin responses to the intradermal 
injection of an antigenic extract of I. holocyclus larvae containing the equivalent of 200 larvae 
per 0.1 mi. Three groups of guinea pigs, each containing 2 animals, were given a bilateral intra-
dermal backline injection of 0.1 ml antigen and also 0.1 ml saline control. Two "prick" tests 
were also C<lrried out on each animal, a drop of antigen being placed on the skin and pricked 
several times with a 27 gauge needle. The three groups of guinea pigs were ( 1) non-immune 
controls (2) immune/1 X - a single previous dose of larvae and (3) immune/4X - four previous 
doses of larvae. Gross skin reactions (swelling, induration and redness) were measured at 30min 
and 48h. The animals were killed at 48h and skin samples taken for histopathology. The results 
are outlined in Table 12. 
TABLE 12 
Skin reactions and histological changes following the intradermal injection of 
0.1 ml I. holocyclus larval antigenic extract in immune and non-immune guinea pigs. 
NON-IMMUNE IMMUNE/1X IMMUNE/4X 
Size of gross 
skin reaction 
30m in 15mm 15mm 25mm 
48h nil nil 4mm 
Histology 
inflammation ++ ++++ +++ 
basophils - + ++ 
eosinophils 
- + +++ 
----
All "prick" tests were negative (compared with the strongly positive reactions in man -
see Chapter 8.8). 
Intradermal injection of the larval antigenic extract thus provoked a rapid locCJI inflamma-
tory reaction in both immune and non-immune guinea pigs. The reaction of the immune/4X 
group was greater than the others at 30 min. The skin reactions had regressed by 48h in all 
animals except those of the immune/4X group, where small indurated areas 4mm in diameter 
remained. All saline control injection sites were negative. 
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The 48h histological picture showed that the larval extract contained sub!:tances which 
provoked an irritant cutaneous inflammatory response. A moderate cellular inflammatory 
reaction was seen in the non-immune control animals and consisted of a mixed population of 
cells including neutrophils, lymphocytes and macroph13ges at all levels of the dermis. In the 
immune/1 X animals a much more intense inflammation was seen (Figure 40) and basophils 
were obvious in the cellular infiltrate. In the immune/4X animals the inflammation was not 
quite so intense but was marked by a strikingly increased number of eosinophils in the cellular 
infiltrate, together with many basophils. 
4.7 Discussion 
The results presented in this chapter show that there were marked histological differ-
ences in the reactions to I. holocyclus ticks on the skin of immune guinea pigs when compared 
to those on non-immune controls. 
Feeding lesions of I. holocyclus on non-immune guinea pigs 
It was shown that feeding by I. holocyclus larvae usually provoked remarkably little 
inflammatory response in the skin of non-immune guinea pigs (Figure 14). This contrasts with 
the lesions caused by feeding of the nymphal and adult instars, which are more destructive and 
provoke an inflammatory reaction with infiltration by neutrophils (Figures 37 & 39). The larva 
would thus seem a suitable arthropod for the experimental study of host cutaneous responses, 
as any reaction seen is likely to reflect the host's immune status. 
The mechanisms of attachment by the tick and the means by which it obtains nutrition 
appeared to agree with those reported by Moorhouse (1967 & 1971 ). This subject, with regard 
to Ixodes ticks, has been reviewed by Arthur (1970) who brought to light the interesting results 
on the feeding of I. ricinus by Stevens (1968) which have not been published beyond her Ph.D. 
thesis. She found that this tick, which is comparably similar to I. holocyclus, can feed success-
fully from a variety of tissues which become available at the tip of the mouthparts - ranging 
from non-cellular connective tissue to highly cellular striated muscle. She reported that 
haemorrhages were not a constant feature associated with the early lesions and if present were 
quite small. The later stages of feeding did cause extensive haemorrhage, particularly as a result 
of nymphal attachment. Stevens also found that a cellular reaction is usually not a prominent 
feature of the larval and nymphal feeding lesions unless caused by bacterial infection. 
Neutrophils were found to appear in small numbers in the larval I. holocyclus lesions 
and in large numbers in the nymphal and adult lesions. They arrived before 12h and seemed to 
provide the first cellular nutrients to the tick. It is of interest to note two recent reports on the 
role of these cells in tick feeding lesions. Tatchell & Moorhouse (1970) administered nitrogen 
mustard to dogs infested with R. sanguineus, thereby inducing a leucopenia during the period of 
tick attachment. The tick feeding lesions in these treated dogs were haemorrhagic but relatively 
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acellular and there was no necrosis. However, the ticks fed equaliy a!, successfully as those on 
untreated dogs, where the lesions showed extensive necrosis and accumulations of neutrophils. 
This suggested that much of the tissue destruction associated with ixodid feeding could be of 
host origin and dependent on the presence of neutrophils. Berenberg, Ward & Sonenshir.e (1972) 
elaborated on this phenomenon by showing that D. variabilis saliva, like manyproteolyticenzymes, 
caused cleavage of the host's C5 component of complement, which in turn produced a factor 
chemotactic for neutrophils. The resultant destruction of host tissue was thought to follow 
enzyme release by these cells. It was shown that tick-bite lesions in complement-deficient rats 
were far less inflamed and showed no necrosis, indicating that the tick saliva itself possessed no 
intrinsic neutrophil chemotactic factor. 
The cell-depleted zone of collagen seen around the mouthparts of I. holocyclus larvae 
and nymphs appeared to be the result of destruction and ingestion of neighbouring cells and 
their nuclei by the tick. No evidence was found to support the idea of a specifically produced 
"eosinophilic zone" of collagen (Arthur, 1970). The method of attachment of I. holocyclus to 
dermal collagen seemed to be a purely mechanical anchorage to the pointed teeth of the hypostome 
(Figure 13) - a fact borne out by the observation that this tick can readily detach from the skin 
by a simple twisting action (see Chapter 5.3). A feeding "pool" was not an essential feature of the 
larval lesion and an impression was gained that feeding from the collagenous dermis somewhat 
resembled the sucking of fluid from a sponge, with many small channels amongst the collagen 
bundles carrying nutrients towards the tick mouthparts. No "cement" substance was seen in any 
of the I. holocyclus lesions examined, agreeing with the findings of Moorhouse (1967 & 1971). 
Bacteria were often seen invading the feeding lesions, presumabl',' gaining access from the skin 
surface via the unsealed mouthparts and feeding "gutter" (Figure 13). 
Reactions of immune guinea pigs 
I. holocyclus larvae were found to provoke an unusual delayed-onset cutaneous in-
flammatory reaction in those guinea pigs which had been sensitized by previous infestations of 
the tick. This response appeared by 18h and reached its maximum intensity by 72h, coinciding 
with the death of the attached tick (see Chapter 5). The striking feature of the reaction was the 
presence of large numbers of basophils which infiltrated over a wide area and accumulated in 
masses around the mouthparts and in intra-epidermal vesicles at the site of tick attachment 
(Figure 15) . Associated with this cellular response was oedema and engorgement of blood 
vessels, giving a macroscopic appearance of erythema and local swelling around the feeding para-
site. By 96h nearly all ticks had died after ingesting basophil-rich tissue fluids from these lesions 
(see Chapter 5). After rejection of the larvae the skin reactions regressed within a few days. A 
similar response was seen to the attachment and feeding of I. holocyclus nymphs on immune 
guinea pigs (Figure 38). Adult ticks were able to survive the basophil skin reaction around them 
but with a reduced ability to engorge from the oozing crusted lesions. 
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Post-feeding lesions on non-immune guinea pigs 
Of particular interest were the long-lasting skin reactions seen in non-immune guinea 
pigs and which occurred just after the larvae had successfully fed to engorgement and detached 
(90-100h). These post-feeding lesions also contained large numbers of basophils and at 7-8 
days were more intense than those seen with larvae feeding on immune animals. Associated 
with this marked inflammatory reaction was destruction of hair follicles and considerable 
epidermal reaction in the form of acanthosis and hyperkeratosis. It appeared, therefore, that 
the first histological signs of immunity to the ticks occurred just as the first ones were detaching. 
This result is in accord with the previous finding that guinea pigs were solidly immune to 
challenge doses of larvae only one week after the primary infestation (see Chapter 3.4). Allen 
(1973) also noted the appearance of basophils 7 days after a primary infestation of D. andersoni 
larvae in guinea pigs. 
Detection of basophils in guinea pig skin reactions 
Until recently, basophils were largely unknown in cutaneous histopathology because they 
were not recognised by traditional tissue staining methods. Various authors have offered reasons 
for the apparent failure of basophil granules to take up stains in routine paraffin-embedded 
sections. They include suggestions that the granules are water-soluble (Wolf-Jurgensen, 1972) or 
that they lose their metachromatic staining properties after aqueous fixation and processing 
(Dvorak et al., 1970). These, and other authors, have stated (incorrectly) that fixation in 
glutaraldehyde mixtures followed by embedding in plastic medie was essential for the demonstra-
tion of basophils in skin sections. Allen (1973) was unable to detect the basophils in immune 
reactions to D. andersoni larvae in guinea pigs by examination of paraffin-embedded sections but 
found them visible in Epon-embedded semi-thin sections. 
Basophils in I. holocyclus reactions were first detected by the author in glutaraldehyde-
fixed sections embedded in Spurr's resin and stained with Giemsa according to the method of 
Dvorak et al., ( 1970). Close inspection of paraffin-embedded sections from the same lesions 
fixed in Bouin, however, revealed that the basophils were probably masquerading as eosinophils 
with H&E staining (Figure 16). Attempts were then made to find a stain which might reveal 
them. It was noted that a routine laboratory stain (Wilson & Hoskins, 1975) consisting of a 
May-Grunwald·Giemsa mixture was able to confer a deep purple colour on basophil granules in 
air-dried blood smears. Successful staining of basophil granules by this same stain in the paraffin 
sections was finally achieved (Figure 17) when it was realized that (a) the concentration and 
intensity of the stain must be high and (b) differentiation in alcohol must be very brief, otherwise 
the basophil granules will decolourize (see section 2 of this chapter). The technique was also 
found to provide a highly suitable general-purpose stain for cutaneous histopathology because it 
stained epidermis blue and collagen a contrasting pink as well as allowing the simultaneous 
chromatic differentiation of basophils, eosinophils, neutrophils and mast cells. The staining of 
eosinophils was a rather pale pink and Chromotrope 2R ( Lendrum, 1944) was used to highlight 
L.--i"""'" 
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them (Figure 35). Unfortunateiy, pre-staining with chromotrope altered the uptake of subse-
quently applied May-Grunwald-Giemsa by the basophil granules, making the combined technique 
unreliable though often successful. Bouin's fixative was found to be far superior to formalin 
both in cellular fixation and preservation or staining of basophil granules. Another method for 
the Giemsa staining of basophils in paraffin-embedded sections has recently been published 
(Askenase, 1973) but it requires careful individual differentiation in colophonium-acetone and 
the granules do not stain so darkly. 
The advantages of using paraffin-embedded sections include the ability to cut large blocks 
and serial sections, thus the method of staining basophils in them was of great help in the present 
study. Nonetheless, far better preservation of cell detail and tissue architecture was found 
possible by using the less practical method of embedding in Spurr's epoxy resin and cutting semi-
thin 1 )J sections on a glass knife. The recently described methylene blue - azure II - basic 
fuchsin staining technique for these resin sections (Humphrey & Pittman, 1974) was found to be 
simple, fast and allowed the simultaneous differentiation of basophil granules (blue) and 
eosinophil granules (brown) further contrasted by collagen (red) and epidermis (blue). It is the 
author's belief that these new histological techniques will supersede paraffin-embedding when the 
two problems of section wrinkling and small block size have been overcome. 
Previously published studies of guinea pig skin histopathology using paraffin sections may 
thus be inadequate when it is realized that (a) any basophils present usually went undetected and 
(b) what were reported as being eosinophils may in fact have been basophils. An example of the 
latter is the recent paper by Skog & Wahlberg (1974) where in guinea pig skin the only criterion 
for dermal "eosinophils" was H&E staining in paraffin sections. 
Basophils and other cell-types in the I. holocyclus skin reactions were not quantified 
because the various cells tended to cluster in certain locations such as near the tick mouthparts. 
Generally speaking, however, the fully develop~d immune reaction to larvae was characterised 
by an infiltrate which consisted of more than 70% basophils, the remainder being moreonuclears, 
neutrophils and eosinophils. Allen (1973) found strikingly similar skin lesions in guinea pigs 
immune to the feeding of D. andersoni larvae and was able to quantify the numbers of basophils 
and eosinophils. 
Cutaneous basophil responses 
The study of basophils in cutaneous immune reactions has only recently expanded since 
the publication by Dvorak et al. (1970) of their outstanding paper on a new class of reaction 
termed "cutaneous basophil hypersensitivity" (CBH). Using epoxy-embedded skin sections, they 
described the histology and ultrastructure of the reactions to protein antigens which were delayed 
in onset and erythematous in guinea pigs. Their methods were a considerable advance on the 
earlier skin-window techniques for detecting tissue basophils (Wolf-Jurgensen, 1972). Since then, 
basophil-rich skin reactions have been described in guinea pigs in : 
1. Contact hypersensitivity (Dvorak et al., 1971; Askenase, 1973) 
2. Delayed hypersensitivity (Katz et al., 1974) 
3. Responses to mitogens (Stadecker & Leskowitz, 1974) 
4. Responses to particulate antigens (Stadecker & Leskowitz, 1973) 
5. Allograft rejection (Dvorak, 1971) 
6. Tumour immunity (Dvorak, Dvorak & Churchill, 1973) 
7. Immunity to viruses (Dvorak & Hirsch, 1971) 
8. Nematode infections (Rothwell, 1975) 
9. Schistosomiasis (P.W.Askenase, 1975, personal communication) 
10. Tick infestations (Allen, 1973; Bagnall & Rothwell, 1974) 
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Basophil reactions have also been reported in man with delayed type hypersensitivity 
(Dvorak et al., 1974). The whole complex subject has recently been reviewed (Dvorak & Dvorak, 
1974). Basophil infiltration is clearly a particular feature of the guinea pig but detailed investiga-
tions of this cell in other species have yet to be made. It has been pointed out in the above 
review that there is an inverse relationship between basophil and mast cell frequency in various 
species; thus rats and mice have almost no circulating basophils but large numbers of tissue mast 
cells. Basophils are quickly -mobilised, short-lived cells and may be the initial response of a 
sensitized host to immunogens, particularly in those species or tissues poor in mast cells. The 
terminology for basophil reactions has not been finally settled, in Britain the term Jones-Mote 
Hypersensitivity (JMH) is being used (Katz, Parker & Turk, 1975) but in the USA it has been 
re-named Cutaneous Basophil Hypersensitivity (CBH) by most workers (Richerson, Dvorak & 
Leskowitz, 1970; Colvin et al., 1973; Askenase, 1973). The terms are used to describe a low-
intensity, delayed-onset, lymphocyte-mediated hypersensitivity which differs from classical 
tuberculin-type delayed hypersensitivity by being relatively non-indurated and having an exten-
sive infiltrate of basophils. The literature on this subject makes it clear that CBH or JMH is not 
a single distinct entity but a group of differing immunological reactions in which basophils 
appear. These reactions have recently been divided into two groups; one transferable by cells but 
not serum, the other transferable by serum alone (Parker, 1974). 
Of particular interest in the present study was the observation that basophils were 
releasing their granules in large numbers (Figure 25) often producing solid masses of them near 
the tick mouthparts. Similar findings were found with D. andersoni larvae in guinea pigs (Allen, 
1973). These free granules were easily detectable in fresh air-dried impression smears ("touch 
preparations") from incised I. holocyclus feeding lesions on immune guinea pigs (Figure 19). 
They were also actively ingested by the t icks and the granules were visible in their gut diverticula 
(see Chapter 5). Degranulation of basophils on this scale has not been previously reported in 
guinea pig CBH lesions or in man (Dvorak & Dvorak, 1974). The mechanism of granule release 
in the tick lesions on immune animals (Figures 28-30) seemed to be similar to that reported in 
anaphylaxis (Chan, 1972). Enlargement of the perigranular spaces and the formation of 
cytoplasmic intercommunicating vacuoles was followed by rupture of the cell membrane and 
the release of granules. Basophil degranulation is normally associated with antigen-antibo~y 
reactions (Hirsch & Zastrow, 1972). Phagocytosis of the discharged granules by neutrophils 
and macrophages (Figure 31) in the tick lesions was similar to that seen following anaphylaxis 
in guinea pigs (Chan, 1974). The intriguing ultrastructure of guinea pig basophils has been 
described (Terry, Bainton & Farquar, 1969). The major components of the banded granule 
(Figure 27) were listed as histamine, lipoprotein and an acid mucopolysaccharide believed to 
be heparin. The somewhat different ultrastructure of human basophils has been recently 
reported (Hastie, 1974). 
Cutaneous eosinophil responses 
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Eosinophils were also a notable feature of the late inflammatory infiltrate seen in the 
immune reactions to I. holocyclus ticks (Figure 32). They were much more prominent in those 
guinea pigs which had received more than one previous infestation. Their ability to migrate to· 
wards the tick mouthparts and form dense aggregations was marked (Figure 35). Eosinophils 
are traditionally regarded as one of the hallmarks of parasitic infections and also of immediate 
hypersensitivity reactions (Basten, Boyer & Beeson, 1970). The role of eosinophils is still poorly 
understood and the subject of continuing controversy (Kay & Cohen, 1974). Eosinophilia is 
nonetheless thought to belong in the category of immunological phenomena (Basten & Beeson, 
1970). The occurrence of eosinophils in parasitic infections is discussed in Chapter 9. 
Reactions to ticks in other animal species 
There have been three published reports on the detailed sequential changes occurring at 
the site of tick feeding in other species of animals. The major work of Tatchell & Moorhouse 
(1968) on the feeding of B. microplus showed the histological patterns seen with all three instars 
of the tick on both European and Zebu cattle. They concluded that the feeding lesion of the 
tick in cattle was the result of an interaction between the tick and its host and not simply the 
result of trauma or primary inflammation. An early intense infiltration of eosinophils into the 
area of the mouthparts was noted in European cattle on secondary and subsequent exposures to 
larvae. Many of these eosinophils were degenerate and their granules were found around blood 
vessels or in diffuse aggregations. They were also seen to migrate around the mouthparts of the 
tick and the1r phagocytosed granules were noticed in macrophages. The larval feeding lesion 
began with the early appearance of vascular changes close to the mouthparts which sometimes 
led to haemorrhage but usually resulted in blockage of deeper blood vessels with neutrophils. 
By 72h haemorrhage from dilated capillaries occurred into the enlarging lesions and heavy 
accumulations of neutrophils and lymphocytes were seen, often forming a pus-filled cavity. 
Moorhouse & Tatchell (1969) reported the histological responses in a variety of host 
animals to the attachment by larvae of 4 species of ixodid ticks. They particularly studied 
Haemaphysalis longicornis (Neum. ) and B. microplus on European and Zebu cattle. H. longi· 
cornis did not provoke any immediate cellular response and it was concluded that the migration 
of eosinophils towards the mouthparts of B. microplus was partly a chemotropic and partly an 
immunological response. Native African hosts (eland, buffalo and wildebeeste) did not show an 
immediate cellular response to Boophilus decoloratus (Koch) or R. appendiculatus whereas 
introduced Zebu or crossbred European cattle showed marked migration by eosinophils. In 
previously unexposed hosts the first significant histological responses took place 2 weeks after 
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host resistance appeared and the change was manifested as a characteristic occlusion of blood 
vessels by monocytes and neutrophils. 
Riek (1962) studied B. microplus resistance in cattle and reported that acquired resis-
tance was associated with the development of a hypersensitivity to the salivary secretion of the 
tick which caused a papular reaction and serous exudation at the bite site. These reactions 
were accompanied by the histological appearance of eosinophils. 
These results have some similarities with those described earlier in this chapter from 
I. holocyclus feeding on guinea pigs. The eosinophil responses in cattle are particularly note-
worthy as they also occurred in guinea pigs which had received multiple infestations of ~ 
holocyclus larvae. Whether basophils occurred in the cattle lesions reported by Tatchell & 
Moorhouse ( 1968) is not known, as they were not studied. There seems to be little doubt, 
despite the confusing and sometimes conflicting literature, that some of the histological changes 
observed in B. microplus infested cattle are the result of an immunological response, but there 
is no clear-cut difference between the bite lesions on previously unexposed or "susceptible" 
cattle and those on sensitized or "resistant" cattle. This contrasts with the findings in !.: 
holocyclus infested guinea pigs, where the immune and non-immune reactions are very different 
and easily recognisable, particularly if basophil and eosinophil stains are used. 
Theis & Budwiser (1974) studied the histology of adult female R. sanguineus feeding 
lesions on dogs but found no difference in those from previously unexposed or repeatedly 
infested animals. Neutrophils dominated the intense inflammatory infiltrate in both groups and 
tick resistance by the dogs was not seen. 
Reactions of guinea pigs to other arthropods 
The major investigations on flea hypersensitivity by Hudson, Feingold & Kartman (1960) 
and Benjamini et al. (1960) showed that guinea pigs developed both delayed and immediate 
allergic reactions at the flea-bite sites (see Chapter 1.4i. The histopathology of these reactions 
was studied by Larrivee, Benjamini, Feingold & Shimizu ( 1964). They found that, in general, 
the delayed responses were characterised by a mononuclear inflammatory infiltrate and the 
immediate responses by a prominent eosinophil infiltrate. Their interesting findings are handi-
capped by two deficiencies - (a) they did not look for basophils and (b) they did not make it 
clear whether the biopsies were taken from areas of the abdominal skin where fleas had 
previously fed or not. The first problem is historical, as attention had not then been focussed 
on basophils as a feature of the guinea pig, but it seems quite possible that what the authors 
described as Bouin-fixed, H&E stained eosinophils might in fact have been basophils particularly 
when the changes were likened to Jones-Mote reactions. The second deficiency arises from the 
chance that some of the eosinophil reactions described at 20min might have been persistent 
infiltrates from previous flea feedings. No control areas of skin were taken at each stage and 
only one sample of skin was taken at each time from the single representative animal (total of 
only 5). The experiments clearly need repeating, especially since neutrophils were apparently 
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not seen in the reactions - a doubtful finding. 
French (1972) studied mosquito bites in guinea pigs and found that sensitized animals 
showed a marked cellular inflammatory response at 30-60min comprised mostly of neutrophils 
but including some eosinophils. Care was taken to include adequate control samples but 
basophils were again not looked for. 
Other animal models of arthropod immunity 
Nelson, Bell & Hestekin (1972) reported the histopathological changes in mouse skin 
associated with the onset of resistance to the louse P. serrata. Local areas of skin appeared 
resistant to feeding by the lice and in these zones the numbers of mast cells and their released 
granules were greatly increased. Vasoconstriction was suggested as an important resistance 
mechanism. 
Nelson & Bainborough (1963) published histological findings in sheep which had 
developed cutaneous resistance to the ked M.ovinus. Resistant sheep showed an increased 
number of lymphocytes and eosinophils in the inflammatory response and mast cell populations 
were significantly larger. Vasospasm was again postulated as the most important mechanism of 
resistance to parasite feeding. 
Reactions to intradermal tick antigen 
Intradermal injection of a crude extract of I. holocyclus larvae proved to have a non· 
specific inflammatory effect in the skin of control guinea pigs. The reaction in immune guinea 
pigs was augmented by the presence of basophils, indicating that the appearance of these cells 
is not dependent on the feeding of live ticks. The response in immune guinea pigs which had 
received four larval infestations was notable for the greatly increased number of eosinophils as 
well as ba:;ophils. Vaccination with this larval extract is discussed in Chapter 6.6. 
Riek (1962) injected an extract of B. microplus larvae into the skin of highly resistant 
cattle and reported an eosinophil response. 
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4.8 Summary 
(1) Skin reactions to the attachment and feeding of the tick I. holocyclus on immune and 
non-immune guinea pigs are described. 
(2) The feeding of larvae on non-immune animals was accompanied by a minimal cut-
aneous inflammatory reaction. After detachment of the ticks at 4-5 days, however, an intense 
basophil and eosinophil response appeared at the bite sites and this persisted for more than 2 
weeks. 
(3) Larvae feeding on immune animals provoked a basophil hypersensitivity reaction 
which appeared by 18h and reached its maximum intensity at 72h, by which time the ticks had 
usually died in situ. The reaction regressed within a few days. 
(4) Extensive degranulation of basophils was seen in the immune reactions, forming 
dense aggregrations near the tick mouthparts and under the epidermis. Electron microscopy of 
the degranulating basophils suggested that an anaphylactic mechanism was operating. 
(5) The immune reactions on animals which have received more than one previous tick 
infestation were notable for their augmented eosinophil response, with masses of these cells 
migrating towards the tick mouthparts and the epidermis. 
(6) The feeding of nymphs and adult females on non-immune guinea pigs provoked an 
inflammatory response characterised by neutrophils. These instars feeding on immune animals 
also provoked an intense basophil hypersensitivity reaction which was fatal to the nymphs but 
not the adults. 
(7) A method was developed for the May-Grunwald-Giemsa staining of basophils in 
paraffin-embedded histological sections of Bouin-fi;~ed guinea pig skin. 
(8) Intradermal injection of a crude antigenic extract of I. holocyclus larvae was 
capable of provoking basophil and eosinophil responses in immune guinea pigs. 
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Chapter 5. 
5.1 Introduction 
EFFEC"fS OF THE HOST SKIN REACTION ON THE SURVIVAL OF 
Ixodes holocyclus FEEDING ON THE GUINEA PIG 
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In view of the observation that the death of I. holocyclus larvae attached to immune guinea 
pigs coincided with maximum intensity of the basophil hypersensitivity reaction in the surrounding 
skin (48-72h), it was decided to examine the behaviour and survival time of the ticks more closely. 
One particular advantage of using ixodid ticks as experimental cutaneous arthropods lies in the fact 
that they remain firmly attached to the host's skin during feeding and can be watched and even 
touched without dislodging them. Previous observations (see Chapter 3.3) suggested that the larvae 
on immune guinea pigs fed normally for 24h or more but then began to die, leaving more than 90% 
dead by 96h. It was thought that these larvae might show some characteristic pathological signs 
associated with feeding from the immune skin lesions. 
Only a few similar experimental studies have been reported in the literature. Trager (1939) 
noted that many D. variabilis larvae feeding in chambers on immune guinea pigs either died or en-
gorged a reduced amount of blood. He also noticed that larvae feeding on partially immune hosts 
were apt to have a pale red colour after engorgement and sometimes a very pale brown, almost white 
appearance. He concluded that this was caused by ingestion of leucocytes from the immune feeding 
lesion and found that such larvae usually died some time after detachment, although occasionally 
metamorphosing into small nymphs. Allen (1973) observed that D. andersoni larvae placed inside 
restraining capsules on imr.;une guinea pigs were usually found detached, dead and apparently 
unfed. A few remained attached and unfed but those which did manage to engorge often appeared 
grey or off-white in colour. Roberts (1971) reported that larvae of B. microplus feeding on cattle 
of different degrees of resistance had the same rates of survival when protected inside capsules 
attached to the skin. He also found that larvae inside these capsules which were prevented from 
feeding by a double layer of gauze fabric died within 12h, concluding that the environment next to 
the skin of cattle is actually fatal to the larvae unless they are attached and feeding. Larvae which 
were allowed to feed for 19h on cattle of varied resistance also survived equally well if removed and 
incubated at 30°C and 95% r.h. The nature of the resistance mechanism was thus still obscure, 
although grooming by cattle played a role (Bennett, 1969). Branagan ( 1974) described three types 
of resistance seen when R. appendiculatus was fed on rabbits, ( 1) ticks died unattached within 1-2 
days of application, (2) after 24-60h local inflammation at the feeding site caused detachment and 
death of the ticks within a day or two, and (3) oedema of the host's tissues caused prolonged or 
reduced engorgement after 3 days. The histology of these lesions was not described. Boese (1974) 
intended to elaborate on the mechanisms of immunity to H. leporispalustris by the rabbit in a 
succeeding paper; as yet (June 1975) unpublished . 
The experiments of Trager, Allen and Roberts described above all employed the use of 
capsules to restrain the larvae on the host. It was felt that such devices may provide conditions 
which are far from the "natural" host environment and thus they were not used to keep 
I. holocyclus larvae on guinea pigs in the following experiments. Larvae feeding on more than 40 
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immune and 40 non-immune guinea pigs were examined with regard to their feeding and survival. 
5.2 Materials and methods 
The type of guinea pigs used, all females, and the method of application of the ticks were 
the same as those described in Chapter 3.2. 
Observation of feeding larvae 
Guinea pigs were killed by dislocation of the neck and the hair along the backline trimmed 
, with Oster No.40 clipper blades. It was found that these blades left a small length of remaining 
hair and did not clip off the attached larvae. The cut hair was removed with a portable vacuum 
cleaner so that clippings would not obscure the view over the ticks. The entire back line skin was 
excised and placed stretched out on a plastic petri dish. Illumination from beneath via a tungsten-
lamp was supplemented from above by a halogen-lamp fibre-optic light source with flexible shaft. 
This latter source emitted no heat and allowed prolonged lighting of the ticks. Larvae were viewed 
through a stereoscopic dissecting microscope and marked with a red fibre-tipped pen after each 
observation was recorded. 
Histology of ticks 
Larvae and adults were removed from the host with the point of a scalpel blade and their 
legs trimmed off with fine scissors before placing them into fixative. For paraffin-embedded sec-
tions of adults, Bouin's fixative was used; all other specimens of larvae and adults being fixed in 
formaldehyde-glutaraldehyde (Karnovsky, 1965) at 4°C for embedding in Spurr's resin (see Chapter 
4.2 for histological methods). After 3-4h hardening in either fixative, the ticks were cut longitudin-
ally in half with a razor blade and returned to the fixative for a further 20h. The larval halves were 
enclosed in a small fold of terylene gauze fabric tied with stainless steel wire -thus enabling transfer 
to other solutions without handling of the fragile pi:1rasites again until the final embedding in the 
resin moulds. Sections of adult female salivary glands were obtained by cutting a section off the 
body of the tick from the mouthparts to the spiracular plate (Figures 58 & 60). Paraffin sections 
(6)..1) of adult ticks were stained with H&E and also PAS-haematoxylin-orange G. Spurr's resin 
sections ( 1 )J) were stained with methylene blue -azure II- basic fuchsin (Humphrey & Pittman, 
1974). 
Histamine content of larvae 
Samples were obtained by grinding 100 freshly-removed larvae at 4°C with a mortar and 
pestle and diluting in 1 ml neutral buffered saline prior to centrifuging and storage of the supernatant 
at -20°C. Histamine assays were carried out using a fluorimetric method adapted from that of May 
et at. (1970). 
103 
RESULTS 
5.3 Development of larvJe feeding on non-immune guinea pigs 
Preliminary observations showed that I. holocyclus larvae do not all engorge at the same 
rate. Thus a scale based on time only, for example "2-day larvae", would include those which 
have barely started to engorge as well as some which are nearing repletion. A scale progress based 
on physiological achievements was thus attempted. All observations were made on skin excised 
from freshly-killed guinea pigs as continuous observation of larvae on living animals was found 
impractical and clipping of the hair was sufficient to cause premature larval deaths. 
Classification of larvae into 5 stages of feeding progress 
Larvae feeding on non-immune guinea pigs were arbitrarily divided into 5 stages according 
to the morphological progress they showed towards full engorgement and the nature of any faeces 
excreted. 
Stage 1 (Figure 41) 
Larva alive and attached to the skin. No faecal droplets excreted. Active movements of 
gut diverticula visible. Size of body unchanged from unfed state (0.45mm). Time: 1-24h approx. 
Larvae at this stage may not yet be actively feeding. 
Stage 2 (Figure 42) 
A few clear, straw or pink-coloured faecal droplets excreted and visible on nearby skin sur-
face. Diverticula beginning to enlarge but still very active. Body only slightiy enlarged. Time: 
12-48h. The passage of faeces indicates that active feeding is in progress at this stage. 
Stage 3 (Figures 43 & 47) 
Dried red faecal droplets ( 1-1 0) of apparently whole blood excreted around tick. Divert-
icula now enlarged and more difficult to discern. Body further enlarged and a darker colour 
(0.55mm). Time: 18-96h. Blood in the faeces indicates that larvae at this stage have begun ingesting 
erythrocytes from the host. 
Stage 4 (Figure 44) 
Many dark red faecal droplets (10-50) excreted around tick. Diverticula large, dark red and 
difficult to distinguish. Body rapidly enlarging and very dark (0.8mm). Time: 60-90h. Progress to 
this stage is evidence that cuticular development is complete and ready for the final rapid engorge-
ment. 
Stage 5 (Figure 45) 
Production of faecal droplets apparently ceased. Gut diverticula indistinguishable. Body 
now greatly enlarged and rounded with dark red colour (up to 1.5mm). Time: 72-120h. Larvae at 
this stage are ready to detach from the host. 
FIGURE 41. STAGE 1 of larval feeding progress. 
Larvae have successfully attached to skin and are alive and ready to 
begin active feeding. Note dark brown finger-like projections of gut 
diverticula which vigorously pulsate with rhythmic contractions. No 
faeces passed yet. Time after attachment, approx. 1-24h. X 20 
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FIGURE 42. STAGE 2 
Larvae now actively feeding, as indicated by the passage of clear, 
straw-coloured and then pink-stained faecal droplets from posterior 
anus. Note dried clear droplets beneath lower tick. Gut diverticula 
now enlarging but still very actively contracting. Time 12-48h. X 20 
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FIGURE 43. STAGE 3 of larval feeding progress. 
Larvae have now secured a source of whole blood and begun to ingest 
and excrete it, passing 1-10 dark red faecal droplets which dry out on 
the skin nearby. Ticks now enlarging and gut diverticula are difficult 
to discern. Time after attachment, 18-96h. X 20 
~ 
FIGURE 44. STAGE 4. 
Larvae now visibly engorging with blood and have passed up to 50 dark 
red faecal droplets which tend to clump together when dried out. Period 
of rapid engorgement soon begins. Time 60-90h. X 20 
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FIGURE 45. STAGE 5 of larval feeding progress. 
Larvae now completing final rapid-engorgement phase and filling 
with a large amount of blood. Passage of faeces apparently ceased. 
Larvae nearly fully-fed and ready to detach from host. Time 72-120h. 
X 20 
FIGURE 46. Larvae feeding on immune guinea pig. At 72h 
the upper tick has died and only the dessicated body remains attached 
to the skin. Lower tick has progressed to about Stage 3 and begun to 
pass blood-stained faeces. Note excessive production of straw-coloured 
faecal droplets. This larva would almost certainly die within the next 
24h. X 20 
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It must be emphasized that these 5 5tages did not occupy equal time intervals. Progression 
from Stage 2 to Stage 3 appeared rapid, as did progress from Stage 4 to Stage 5 when the larvae 
greatly enlarged over the last 24h on the host. 
Detachment of larvae from skin of host 
Feeding larvae of all stages were able to voluntarily detach from the skin with apparent ease. 
After %-1 h, larvae attached to skin excised from the host were observed to begin twisting move-
ments which were soon followed by withdrawal from the site of attachment. These detached, 
partially-fed larvae were able to remain alive for many days if kept under suitable conditions 
(22-25°C and 92-93% r.h.). They were also able to readily re-attach and resume feeding on another 
guinea pig. 
Histology of the engorging larva 
Although histological interpretation of tick development is a task requiring expert knowledge 
and experience beyond that of the author, it was thought worthwhile to attempt examination of the 
more obvious changes which might occur in engorging larvae from both immune and non-immune 
guinea pigs. 
From non-immune hosts, specimens taken at three stages were examined. At Stage 2 (24h) 
the gut epithelial cells showed signs of active digestion with secretory vacuoles and food granules 
(Figure 49) . At Stage 3 (48h) deposits of blood were seen in the gut and the rectal sac was dilated 
with fluid containing remnants of red blood cells (Figure 51). By Stage 4 (72h) the larva was con-
siderably enlarged and the greatly distended gut contained large quantities of distinctively-shaped 
haemoglobin crystals (Figures 53 & 54). 
5.4 Effects of the immune skin reaction on feeding larvae 
Larvae appeared to attach equally as well on both immune and non-immune guinea pigs. 
Most of those attaching to immune animals also seemed to feed normally for at least 24h. After this 
time, however, their development was retarded when compared to those feeding on non-immune 
controls (see Figure 57). Few larvae feeding on the immune skin reactions were able to progress 
beyond Stage 3 as it appeared that once blood-containing faeces were begun to be excreted death 
soon followed. Just prior to death the gut diverticula were observed to cease movements and often 
assumed a patchy "broken-up" texture. Death of the larvae was rapidly followed by dessication and 
only the dried-out remains were left attached to the skin (Figure 46). These dead ticks were 
apparently sloughed off within 24-48h as many residual erythematous immune skin lesions could be 
detected with transillumination (see Figures 10, 20 & 57). Some larvae were able to survive for up 
to 96h but few engorged with whole blood, filling instead with blood plus tissue fluids and excreting 
quantities of straw or pink-coloured faecal droplets (Figure 46). These pale, partially-engorged 
larvae were able to detach from the host and survive for a day or more (see Chapter 3.4) . As outlined 
in Chapter 3, it was known that about 5% of larvae applied to immune guinea pigs were able to 
survive to full engorgement. Examination of backline skin revealed that these few successful 
larvae were often feeding from an area of particularly vascular skin reaction, suggesting that a 
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rich superficial blood supply might allow survival despite the immune cellular response. Engorged 
larvae recovered from immune guinea pigs were observed to be sometimes capable of moulting to 
the nymphal stage. 
No evidence was gained to suggest that grooming by the immune guinea pigs played a major 
role in the rejection process. A small area of the dorsal neck skin was frequently seen to be 
scratched and it was assumed that the immune skin lesions were also pruritic. The backline skin was 
largely inaccessible to the grooming activities of the guinea pigs, however. 
Investigation of local cutaneous immunity 
Two experiments were carried out to see if the immune response might involve a local 
rejection effect at the site of residual skin reactions from the primary infestation of larvae. 
In the first, 5 guinea pigs were given their first dose of larvae applied to the head only 
(Expt. No. BB101). Three weeks later a challenge dose was given along the backline and the feed-
ing larvae examined at 24, 48, 72, 96 and 120h. Despite the fact that this area of skin had not 
previously been infested, the same erythematous immune skin reactions were observed at the sites 
of larval attachment and most larvae were dead by 72h. 
In the second experiment (88134) the primary dose of larvae was given along the backline 
but the challenge dose applied only 8 days later, when the post-detachment erythema and basophil 
response was at its peak (see Chapter 4 .3). No definite demarcation of the skin into "immune" or 
"non-immune" areas was seen but an impression was gained that some larvae feeding directly on the 
sites of previous tick attachments were dead earlier than those feeding elsewhere. 
It was concluded that local cutaneous immunity may have been present, particularly during 
the intense reaction which occurs in the skin one week after the first infestation, but it played a 
negligible role in the general immune response to the feeding of I. holocyclus on sensitized guinea 
pigs. 
Detachment and transfer of larvae from immune guinea pigs 
Larvae still alive and feeding from immune guinea pigs after 24h were also capable of the 
same voluntary detachment from the skin as seen with larvae on non-immune animals. Having 
detached, they were also capable of surviving off the host for at least a few days under humid 
conditions. Some were transferred to a non-immune guinea pig where a number were seen to 
successfully complete engorgement. Similarly, some partially-fed (48h) larvae from a non-immune 
animal were also seen to successfully complete feeding when transferred onto an immune host, 
despite the onset of the erythematous immune skin reaction after 18h. Detailed studies of these 
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phenomena were not made, but the observations suggest that larvae feeding on the skin reactions 
of immune guinea pigs remain viable until a point is reached when a lethal effect comes into play 
and the ticks die shortly aftervoJards. 
Histology of larvae feeding on immune guinea pigs 
The Stage 2 larva (24h) from an immune host revealed no obvious differences from that on 
the non-immune host. Gut secretory cells appeared active and the presence of food granules indicated 
that digestion was proceeding normally (Figure 50). At Stage 2-3 (48h)the larva was also normal in 
appearance, showing distension of the rectal sac with fluid and cellular debris including basophil 
granules (Figure 52). By 72h, however, the larva shows no evidence of progress to Stage 4 and instead 
of filling with blood the gut appears to be filled with cellular debris including remnants of nuclei and 
intact basophil granules (Figures 55 & 56). Despite the fact that this last described larva would have 
shortly died, no obvious pathological changes were seen, the gut cells still appearing active. Sections 
of larvae obtained during studies of the histology of immune skin reactions (Chapter 4.3) sometimes 
revealed masses of basophils and their granules inside the gut diverticula of the ticks. 
Histamine content of affected larvae 
In view of the fact that larvae on immune guinea pigs were known to have ingested many 
basophils from the feeding lesions, two experiments were carried out to determine the histamine 
content of larvae which had fed for 72h on immune and non-immune guinea pigs. An increased dose 
of 400 larvae was applied so that at 72h it would still be possible to find 100 of them alive on two 
immune animals. Samples were coded to ensure that the analysis was "blind". The results are 
presented in Table 13. 
TABLE13 
Histamine content of 100 larvae fed for 72h on immune and non-immune 
guinea pigs. (Expt. Nos. 8878 & 88135). 
Sample Histamine content of tick 
extract in 1 ml saline 
8878 
Non-immune hosts 27 ).Jg/1 
Immune hosts 52 " 
88135 
Non-immune hosts 217 units of fluorescence * 
Immune hosts 273 II 
Unfed control larvae 60 II 
* Insufficient quantities to estimate actual histamine levels against 
standard solutions 
FIGURE 47. Larva feeding for 40h on a non-immune guinea 
pig has progressed to about Stage 3 and is beginning to fill with blood. 
Note minimal cutaneous inflammatory reaction at feeding site. 
Giemsa X 100 
FIGURE 48. Larva feeding for 40h on an immune guinea pig 
has failed to engorge and is now dead and dessicated in situ. Note 
intense cutaneous basophil response at feeding site with associated dermal 
oedema. Giemsa X 100 
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FIGURE 49 FIGURE 50 
FIGURE 49. Semi-thin {1 ).J) section of Stage 2 larva feeding for 24h on a non-
immune guinea pig. Shown as if attached to host, with anterior part of tick facing 
downwards. Note vacuolated epithelial cells of gut diverticula (top half). Secretory 
11"1 
vacuoles and food granules in these cells indicate active digestion processes. X 250 
FIGURE 50. Larva feeding for 24h (Stage 2) on an immune guinea pig has a 
similar appearance and gut diverticula cells also show evidence of active digestion. X 250 
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FIGURE 51. Stage 3 larva feeding for 48h on a non-immune guinea pig. Gut 
diverticula contain deposits of blood, visible as 3 dark spherical bodies. Gut epithelial cells 
show continued digestive processes by presence of secretory vacuoles and food granules. 
Thin-walled rectal sac (seen centre-left with small white artifacts) is distended with remnants 
of red blood cells. Note large brain (lower centre). X 250 
FIGURE 52. Stage 2 larva feeding for 48h on an immune guinea pig has not yet 
ingested whole blood, but gut diverticula still show evidence of active digestion. Thin-
walled rectal sac (mid-left) is distended with remnants of leucocytes including intact basophil 
granules. Note large brain (centre). This larva shows no obvious pathological changes. 
X 250 
FIGURE 53. Stage 4 larva feeding for 72h on a non-immune guinea pig shows 
marked distension of gut with whole blood which has formed distinctive-shaped haemo-
globin crystals. Embedding resin has poorly penetrated gut contents. X 250 
FIGURE 54. Paraffin section of Stage 4 larva feeding on non-immune guinea 
pig skin. Note masses of red-staining haemoglobin crystals in distended gut of tick. 
Skin reaction at feeding site is minimal. Chromotrope & Giemsa X 60 
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FIGURE 55. Larva which has fed for 72h on an immune guinea pig has not pro-
gressed beyond Stage 2-3 and has not engorged with blood. Rectal sac (top centre) is 
distended with remnants of ingested leucocytes and dark-staining fragments of nuclei are 
visible. Cutting artifacts are present across brain region. X 250 
FIGURE 56. High power view of above larval section, showing presence of 
basophil granules and nuclear fragments within lumen of gut diverticulum (centre). Gut 
epithlial cells show secretory vacuoles and food granules indicative of continued digestive 
processes. No obvious pathological changes detectable in this tick. Note rectal sac (lower 
right corner). Methylene blue·azure 11 -basic fuchsin x 400 
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The results suggest that larvae feeding on immune guinea pigs contain higher levels of 
histamine than those from non-immune animals or unfed ticks. 
5.5 Ouantitation of the. host-versus-parasite effect 
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An attempt was made to quantitate the effect of the immune skin response on the feeding 
progress of I. holocyclus larvae. Three separate experiments were carried out (88104, 88110, 
88118) applying 400 larvae to 5 non-immune and 5 immune guinea pigs. At 12, 24, 48, 72 and 96h 
an animal from each group was killed and 100 tick attachment sites examined. A record was made 
of the feeding stages ( 1-5) of the living larvae and the number of attached but dead larvae. Visible 
residual skin lesions (see Chapter 4, Figure 10) where feeding larvae had detached or been sloughed 
off were also counted. The results were thus expected to indicate both the feeding progress and 
death rate of 100 larvae. The results of the three experiments were aggregrated and the mean scores 
are given in Figure 57. 
The results provide further evidence that the immune response primarily exerts its delet-
terious effect only after the larvae have fed and reached Stage 2 or 3, i.e. when blood-stained faecal 
droplets are excreted. At 12h the counts were similar on both immune and non-immune animals, 
although it is possible that more larvae die soon after attachment on the immunes. An unexpected 
finding was the death rate of attached larvae also on non-immune animals at 12h (26%), for which 
no explanation was apparent. At 24h the counts on both groups were similar again. By 48h, 
however, more larvae on the non-immunes had progressed to Stage 3 (49%) than on the immune 
animals ( 16%) and a number of visible skin lesions where ticks had formerly been attached were 
recorded from the immune animals. At 72h the difference in results from each group was striking, 
as the larvae on the non-immunes progressed from Stage 3 (63%) to Stage 4 ( 13%) while those on the 
immunes remained retarded at Stage 2 (22%) or Stage 3 (20%) or died and were rejected (31% 
lesions). Finally at 96h the ticks on the non-immune guinea pigs were maintaining progress towards 
full engorgement ( 18% Stage 4, 26% Stage 5 and 16% lesions apparently left by the detachment of 
fed larvae). On the immune animals at 96h only 2% were at Stage 4 and 4% at Stage 5 but 69% of 
the sites were recorded as residual lesions where, presumably, larvae had been rejected by the 
immune response. 
This method of assessing larval progress appeared to offer significant information but several 
puzzling aspects were noticed. It was surprising that the percentage of dead attached larvae were 
similar on both groups of guinea pigs, particularly at the later periods when larval deaths were 
occurring on the immune animals. The number of visible residual lesions on the immuneswas a 
better guide to the death rate of larvae and it is probable that the dead larvae on these animals were 
quite rapidly sloughed off the skin surface (see Chapter 4, Figure 20). The results from the immune 
animals at 96h also indicate that the immune response takes longer to result in rejection of all larvae 
than previously thought from earlier non-quantitative experiments (Chapters 3 & 4). The figures 
from the non-immune animals show that Stage 3 occupies at least 2 days and that progress to full 
engorgement after it is rapid. No counts were made at 120h as preliminary evidence indicated that 
by this time the majority of larvae would have already detached fully-fed (see Chapter 3, Figure 7). 
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5.6 Histology of I. holocyclus salivary gland 
During histological studies of the larvae and their feeding lesions, occasional parts of 
salivary glands were regularly seen. In view of the fact that these glands are the source of ant~gens 
responsible for the immune response against the ticks, it was decided to briefly investigate their 
anatomy and any changes which occur during the feeding process. Adult female ticks were fed for 
1-6 days on a bandicoot- the large salivary glands providing far more adequate material than could 
be obtained from larval specimens. 
Three types of acini were observed in the adult salivary glands. Re-examination of larval 
sections showed that this instar possessed basically similar structures. 
Type 1 
Small, pale-staining acini consisting of several fibrillar cells with a larger central cell (Figure 
59). These acini were present anteriorly alongside the main salivary duct and did not alter during 
feeding except for a slight increase in the size of their lumen (Figure 61 ). 
Type 2 
These acini were comprised of 2 or 3 cell-types containing a variety of granules, the majority 
of which stained positive with PAS {Figure 59). Cells nearest the neck of the acinus stained strongly 
PAS positive. The lumens of these acini only slightly increased in size towards the end of feeding 
(Figure 61 ). 
Type 3 
These acini consisted of three or four cell-types which contained a variety of granules, both 
large and small, few of which showed positive PAS staining {Figure 59). Towards the end of feeding 
the lumens of these acini markedly expanded, leaving the flattened cells around their perimeter 
(Figure 61 ). 
Examination of high-quality 1 )J resin sections enabled closer examination of the individual 
cell -types in the salivary gland acini, although wrinkling of the sections prevented the taking of 
photographs. The cells showed close similarities to those of D. andersoni recently described by 
Meredith & Kaufman (1973). 
5.7 Effects of the immune skin reaction on nymphal and adult female I. holocyclus 
No specific studies of the effects of the immune skin response against nymphs and adult 
females were made. As mentioned in Chapter 3.5, nymphs also appeared to die after 72h feeding 
on the basophil-rich skin lesions. Adult females feeding on immune guinea pigs, however, were 
able to survive but did not engorge fully. The adult lesions provoked considerable scratching in the 
immune guinea pigs but the ticks were protected in the external ear. 
FIGURE 58. Paraffin embedded 6 )J section of an adult female I. holocyclus 
which has fed for 3 days on a bandicoot. Section includes approximate zone from 
spiracular plate to mouthparts of tick and shows parts of the salivary gland and gut 
diverticula. PAS-Haematoxylin-Orange G X 60 
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FIGURE 59. Higher power view of above section showing part of salivary gland. 
Main duct (centre right) has several small pale-staining Type 1 acini attached to it, their 
fibrillar cells being evident. Type 2 acini (top right) stain darkly with some cells contain· 
ing PAS-positive granules. Type 3 acini (left) have larger lumens, stain less darkly and can 
be seen emptying into a minor salivary duct (lower centre). X 400 
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FIGURE 60. Section of adult female tick which had fed for 5 days on a bandicoot. 
Gut diverticula (top and right) are distended as tick nears engorgement. Salivary gland shows 
main duct (centre left) with many small Type 1 acini attached to it. Dark-staining Type 2 
acini (centre) contrast with paler-staining Type 3 acini which at this stage of tick feeding 
have considerably dilated lumens (left and lower centre). 
PAS-Haematoxylin-Orange G X 60 
FIGURE 61. Higher-power view of above section showing main salivary duct 
(upper centre) with 4 attached Type 1 acini. Dark-staining Type 2 acini (left) contain 
some cells which are strongly PAS-positive. Type 3 acinus(lower centre) has distended 
lumen with cells flattened around the periphery. X 400 
120 
5.8 Discussion 
The results given in this chapter represent exploratory experiments, largely using previously 
unpublished methods, and their interpretation will necessarily be speculative. 
The normal feeding progress of I. holocyclus larvae 
The division of normal larval development during feeding into 5 physiological stages appeared 
to provide a satisfactory method for quantitating their progress whilst on the host (Figure 57). More 
than one-half the time spent feeding was accompanied by little distension of the larval body, rapid 
engorgement mainly taking place in the final 24h. The early stages correspond to a period of develop-
ment by the cuticle, which increases in thickness in preparation for the later massive distension seen 
at full engorgement (Balashov, 1972). The amount of blood-containing faeces excreted by each larva 
during feeding was large, often exceeding 40 dried droplets (Figure 44). This is consistent with the 
finding that 80% of the blood meal ingested by D. andersoni is excreted (Kaufman & Phillips, 1973). 
No evidence was found to suggest that I. holocyclus larvae make repeated attachments to the 
host during the first 24h. Freely wandering larvae were never seen on the skin at 12h or afterwards. 
Roberts ( 1971) reported that B. microplus larvae feeding in small chambers on cattle skin made 
several attachments during the first 24h and spent about half the time freely walking over the skin. 
It is possible that conditions inside such artificial devices secured onto shaved skin are quite different 
to those found by I. holocyclus larvae at the surface of natural hair-covered skin along the backline 
of the guinea pigs. 
Deleterious effects of the cutaneous immune response on larvae 
Larvae were found to attach and feed normally on immune guinea pigs for nearly 24h, after 
which time their engorgement progress became retarded (Figure 57). The majority of these larvae 
reached Stage 2 but retardation and death occurred around the period when Stage 3 was reached 
(48-72h). This stage is normally associated with active ingestion of whole blood by the larvae. It 
is likely that ingestion of large numbers of basophilleucocytes (Figure 56) and accompanying fluids 
(from the immune skin reactions provoked in sensitized guinea pigs) might have had a deleterious 
effect on the feeding larvae. Further evidence for this hypothesis was gained from the finding that 
partially-fed larvae from immune animals contained more histamine than those from non-immune 
hosts (Table 13). Deprivation of blood supply might have affected the larvae feeding from immune 
skin lesions but histological studies (see Chapter 4) showed that these sites possessed ad~quate blood 
capillari es and erythrocytes were present amongst the basophils and other inflammatory cells. 
Histological examination of larvae from immune animals did not reveal any obvious patho-
logical changes (Figures 49-56). Gut epithelial cells showed signs of active digestion (Balashov, 1972) 
but the larvae failed to engorge with blood and the characteristic haemoglobin crystals were not seen. 
Trager (1939) also noticed this latter phenomenon with D. variabilis larvae and suggested that the 
immune response somehow prevented normal digestion of blood. 
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All observations pointed to the fact that the larvae were actually killed by feeding on the 
immune skin lesions. No live detached larvae were found wandering on the immune animals and 
histology of immune lesions showed larvae dying in situ (Figure 48). Failure to observe greater 
numbers of dead larvae on immune guinea pigs (Figure 57) might be explained by the fact that the 
immune reaction usually resulted in the sloughing-off of the tick from the skin (Figure 20). Those 
dying on non-immune animals (about 25%) would have no associated inflammatory slough and the 
dead larvae might remain attached for some days. The comparatively hot environment next to the 
skin has been shown to cause death of B. microplus larvae which are unable to feed (Roberts, 1971). 
The mechanisms of larval rejection by immune guinea pigs clearly require further investiga-
tion. Circumstantial evidence nonetheless points to a lethal effect by basophils present in such 
large numbers in the immune skin reactions. 
Structure of I. holocyclus salivary glands 
The basic anatomy of the adult female salivary gland appeared to be closely similar to that 
of D. andersoni, as described by Meredith & Kaufman (1973). These authors considered that Type 
3 acini, and particularly their so-called "water cells", are responsible for water and electrolyte 
excretion (see Chapter 1.2). They also suggested that the granule-containing cells of acini Types 2 
& 3 possibly secrete the "cement substance". The function of these cells in I. holocyclus, which does 
not produce "cement", is a matter for further study. Meredith & Kaufman do not consider that Type 
1 acini are responsible for water excretion, unlike previous authors who have examined ixodid salivary 
glands (Kirkland, 1971; Balashov, 1972; Coons & Roshdy, 1973). The dilatation of I. holocyclus 
Type 3 acini towards the end of feeding is consistent with that seen in Haemaphysalis spinigera 
Neumann (Chinery, 1965), R. appendiculatus (Till, 1961) and I. ricinus (Balashov, 1972). 
The only previously pub I ished itudy of I. holocyclus salivary glands is that of Ross ( 1926) 
who investigated the changes in size of the glands during feeding. He dissected out the individual 
glands and described only two types of alveoli (acini) -small pale-staining ones attached to the main 
salivary duct and larger ones which stained deeply with haematoxylin and showed marked enlarge-
ment towards the end of engorgement. Cell-types were not described. 
There is a clear need for further work on I. holocyclus salivary glands, particularly with a 
view to elucidating the secretion of the "paralysis" toxin. Newer techniques of tissue embedding 
for light and electron microscopy allow detailed structural investigation with comparative ease. Such 
studies might also be helpful in determining which cells of the salivary acini are responsible for pro-
duction of antigens which provoke the cutaneous immune response in guinea pigs. It is of interest 
that I. holocyclus salivary glands resemble those of D. andersoni, as the larvae of the latter tick also 
provoke a cutaneous basophil response in immune guinea pigs (Allen, 1973). 
5.9 Summary 
(1) The normal progress of I. holocyclus larvae feeding on non-immune guinea pigs is 
described and classified into 5 stages. 
(2) Quantitative experiments showed that larvae feeding on immune guinea pigs made 
normal progress for 24h but then became retarded as they continued feeding from the associated 
immune skin reactions and died about 72-96h. 
(3) Death of larvae on immune animals occurred when they were about Stage 3 at the 
onset of excretion of blood-containing faeces. This coincided with maximum intensity of the 
previously described cutaneous basophil hypersensitivity reactions around the tick mouthparts 
in the host's tissues. 
(4) The detection of basophils and their granules in the gut of affected larvae lends 
support to the hypothesis that ingestion of these cells might exert a lethal effect. This action 
is possibly associated with histamine, which was present in higher concentrations in larvae which 
had been partially fed on immune guinea pigs. 
(5) Histological examination of larvae revealed no gross pathological processes which 
could explain the death of larvae on immune animals. 
(6) Adult female I. holocyclus salivary glands were found to contain three types of 
acini with a similar structure to those of D. andersoni (as described by Meredith & Kaufman, 
1973). 
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Chapter 6 IMMUNIZATION OF GUINEA PIGS AGAINST Ixodes holocyclus LARVAE 
6.1 Introduction 
Immunization, in the sense of the artificial transfer of specific immunity, has been reported 
against a variety of metazoan parasites, including the following examples. ( 1) Nematodes: 
Trichinella spiralis in the mouse, by immune cells (Larsh, Goulson & Weatherly, 1964). Tricho-
strongylus colubriformis in the guinea pig, by immune cells (Wagland & Dineen, 1965) and by 
vaccination (Rothwell & Love, 1974). Nippostrongylus brasiliensis in the rat, by immune serum 
(Sarles & Taliaferro, 1936); by immune cells (Kelly & Dineen, 1972) and by immune cells plus 
serum (Love, 1975). (2) Trematodes: Fasciola hepatica in the rat, by immune cells (Corba et al., 
1971) and by immune serum (Armour & Dargie, 1974). (3) Arthropods: Dermacentor variabilis 
in the guinea pig, by immune serum and by vaccination (Trager, 1939). Boophilus microplus in the 
mouse, by vaccination ( Riek, 1958). In addition, cutaneous hypersensitivity to the bites of mos-
quitoes has been transferred with immune cells or serum (Allen, 1964) and by administration of 
mosquito extracts (Dubin, Reese & Seamans, 1948). Cutaneous hypersensitivity to flea bites in the 
guinea pig has been transferred by immune serum and by injection of flea extracts {reviewed by 
Feingold et al., 1968). 
Results presented in Chapters 3, 4 & 5 provided evidence that cutaneous immunity to 
I. holocyclus larvae was (a) acquired and (b) accompanied by a delayed-onset hypersensitivity reac-
tion at the site of attachment. Further evidence for an underlying immunological mechanism was 
required. Attempts were made to immunize guinea pigs against the feeding of larvae with { 1) immune 
serum (passive immunization) {2) sensitized lymphoid cells {adoptive immunization) {3) immune 
serum plus sensitized cells and {4) vaccines prepared from crude extracts of I. holocyclus larvae. 
The immune response was measured by quantitating the number of larvae successfully completing 
engorgement after a challenge dose. Skin specimens were also taken to enable histological examina-
tion of any host reactions at the site of feeding. 
6.2 Materials and methods 
The types of guinea pigs used have been described in Chapter 3.2. For cell transfer experi-
ments, only inbred Hestons were used. The methods of application of the larvae, their collection 
after engorgement and detachment, and the statistical analysis of the data were also given in Chap-
ter 3.2. The processing of skin samples for histology was described in Chapter 4.2 As rnentioned 
in Chapter 3.2, each experiment was limited to 4-5 groups of 5 animals by the numbers of collecting 
cages and equal-viability larvae available. 
Passive immunization 
Immune sera were obtained from donor guinea pigs which had received 2-5 infestations of 
200 I. holocyclus larvae over a period of 1-3 months. The animals were killed one week after the 
final infestation and their serum collected, pooled and stored at -20°C for up to 6 months. 
Non-immune control sera were similarly collected from uninfested guinea pigs. Recipient 
animals were anaesthetized with oxygen/halothane and given a single dose of 5ml freshly 
thawed serum by slow intravenous injection into the anterior ear vein via a 27 gauge needle. 
Three hours later the challenge dose of 200 larval ticks was applied. 
Adoptive immunization 
Sensitized lymphoid cells were obtained from inbred Heston donor guinea pigs which 
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had received an initial infestation of 200 I. holocyclus larvae followed by 1-4 subsequent infestations 
of 400 larvae at 3-week intervals. The animals were killed one week after the final infestation and 
their axillary and prescapular lymph nodes dissected out under sterile conditions. The collected 
nodes were trimmed free of fat and placed in ice-cold 10% bovine albumin fraction V in Hank's 
solution (Commonwealth Serum Laboratories, Melbourne) and diced with fine scissors. The frag-
ments were then ground with a small glass pestle on a stainless steel sieve and the cells collected by 
washing through with the above solution. The cell suspension was filtered through gauze, centri-
fuged for 5min at 200 G and the supernatant discarded. The cells were re-suspended in the same 
solution to a concentration of approximately 500 X 1 o6 cells/ mi. Unsensitized cells were similarly 
prepared from uninfested Heston guinea pigs. Recipient Hestons were anaesthetized with oxygen/ 
halothane and given a dose of 250 X 1 o6 cells by slow intravenous injection into the anterior ear 
vein via a 27 gauge needle. Three hours later the challenge dose of 200 larval ticks was applied. 
Preparation of vaccines 
Crude antigenic extracts of 500mg I. holocyclus larvae in 5ml saline, containing 5-6mg/ml 
protein, were prepared as described in Chapter 4.2 and stored at -20°C for up to 2 years. After 
thawing, the extracts were re-centrifuged and merthiolate added 1:5,000 as a bacteriostat. For 
vaccination, the dose used was 0.25ml (approx. 1.4mg protein) per 500g guinea pig given subcutan-
eously in the dorsal neck region, except for experiment no. 8862 when half this dose was given 
intradermally at 5 sites along the backline. The vaccine was given in an equal volume of saline, 
incomplete Freund's adjuvant or complete Freund's adjuvant (Difco Laboratories, Michigan, USA), 
giving a final volume of 0.5ml per animal. 
RESULTS 
6.3 Passive immunization 
Two experiments were carried out. In the first (8850) 5 animals were given immune serum 
(PCA-negative, see Chapter 7 .3) from donors which had received 2 larval infestations. In the second 
(88130) 6 animals were given PCA-negative serum from twice-infested donors and another 6 animals 
were given PCA-positive serum ( 1:1 00) from 5-times infested donors. Non-immune serum was given 
to a group of 5 control animals in each experiment. A challenge dose of 200 I. holocyclus larvae was 
given to each animal and the engorgement returns used to calculate any apparent rejection (see 
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Chapter 3.4). The results are given in Table 14. An animal from each of the immunized groups 
in the second experiment was killed at 48h for histological examination of the tick feeding lesions. 
TABLE14 
Passive immunization of guinea pigs with 5ml immune serum from donors which had 
received 2-5 infestations of I. holocyclus larvae. Engorg~ment returns following 
challenge with 200 larvae used to calculate rejection rates related to controls. 
Ex pt. %returns from 5 animals % 
No. NON-IMMUNE SERUM IMMUNE SERUM * REJECTION S.E. p= 
8850 46.2 40.4 a 12.5 10.7 .13 
88130 27.0 20.5 b 24.1 19.1 .12 
24.7 c 8.5 15.9 .4 
*No. donor infestations: (a) 2 (b) 2 (c) 5 
The results show that passive immunization produced a slight reduction in the number of 
engorged larvae detaching, but the figures were not statistically significant (p = .13, .12 & .4). In 
all three groups of animals which had received immune serum, however, an increased number of 
partially-engorged ticks detached from them but were too small to allow counting with any accuracy. 
Histology of tick-lesions from passively immunized animals 
Examination of 48h feeding lesions from an animal out of each immunized gro•Jp of experi-
ment 88130 showed erythema visible around the larval attachment sites. Microscopically, the 
lesions revealed the presence of a basophil infiltration which was of moderate intensity in the animal 
which received the PCA-negative 2-infestation serum (Figure 64) and lower intensity in the animal 
which received the PCA-positive 5-infestation serum. 
6.4 Adoptive immunization 
Only inbred Heston guinea pigs were used for the two experiments. In the first (8846) 5 
animals were given cells from twice-infested donors and another 5 were given no cells (controls). A 
group of 5 animals which had received an infestation of larvae 3 weeks previously (see Chapter 3.4) 
were used as immune controls. 
In the second experiment (8869) 7 animals were given immune cells from 5-times infested 
donors and 6 animals were given non-immune cells from uninfested donors. Another 6 animals 
received no cells (controls). All animals in both experiments were given a challenge dose of 200 
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larvae and the engorgement returns used to calculate any apparent rejection. The results are given 
in Table 15. In experiment 8869 one animal from each group was killed at 72h for histology. At 
96h one further animal from the immune-cell group was also killed for histology. 
L----
Ex pt. 
No. 
8846 
8869 
TA8LE15 
Adoptive immunization of Heston guinea pigs with 250 X 106 sensitized lymphoid 
cells from donors which had received 2-5 infestations of I. holocyclus larvae. 
Engorgement returns following challenge with 200 larvae used to calculate rejection 
rates related to controls. 
%returns from 5 animals % 
CONTROLS IMMUNIZED* REJECTION S.E. p= 
69.3 24.6 a 64.5 3.0 <.001 
(immune cells) 
1.2 98.3 8.0 < .001 
(tick infested -
immune controls) 
72.9 45.2 b 37.6 3.5 <.001 
(immune cells) 
72.0 nil - -
(non-immune 
cells) 
* No. donor infestations: (a) 2 (b) 5 
The :-esults show that adoptive immunization conferred a moderate degree of immunity 
(64.5 & 37.6%) af]ainst the feeding of larvae. The immune controls in experiment 8846 showed 
a rejection rate of 98.3%, however. The rejection rate of the adoptively immunized (immune cells) 
group in experiment 8869 was only 37.6% despite the fact that the cell-donors had received a total 
of 5 previous infestations with larvae. 
Histology of tick-lesions from adoptively immunized animals 
Macroscopically, the feeding sites of larvae on the adoptively immunized guinea pig (immune 
cells) showed 1-3mm areas of erythema around each tick. No erythema was seen at 72h on the 
animals which received the non-immune cells or no cells at all. Microscopically, at 72h there was a 
well-developed basophil response around the tick mouthparts of the animal which received the 
immune cells (Figure 63) but none around those on the animals which received non-immune cells 
(Figure 62) or none at all. At 96h the animal which received immune cells still had a few larvae 
attached and nearly fed to full engorgement, and histology of such a feeding site showed that despite 
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the moderate basophil infiltrate the tick had engorged and contained the characteristic haemoglobin 
crystals (Figure 66) described in Chapter 5.3. 
6.5 Adoptive plus passive immunization 
One experiment was carried out using inbred Heston guinea pigs. Four groups of 6 animals 
each were given (1) 250 X 106 immune cells from a twice-infested donor (2) 5ml immune serum 
from four-times infested donors (3) 250 X 1 o6 immune cells plus 5ml immune serum (4) no cells 
or serum (non-immune controls) . A challenge dose of 200 larvae was given to each animal and the 
engorgement returns used to calculate any apparent rejection. The results are given in Table 16. At 
48h one ani mal from each group was ki lied for histology. (Experiment BB 114 ). 
TABLE16 
%returns from 5 animals % 
CONTROLS IMMUNIZED REJECTION S.E. p= 
56.0 35.0 37.5 6.4 < .001 
(cells) 
37.5 33.0 6.8 < .001 
(serum) 
19.7 64.8 3.7 <.001 
(cells+ 
serum) 
-- -
The results of this single experiment suggest that the combined immunization (cells plus 
serum) conferred a greater degree of protection against larval feeding (64.8% rejection) than either 
cells alone (37 .5% rejection) or serum alone (33.0% rejection). 
Histology 
Macroscopically, erythematous skin reactions were observed at the attachment sites of 
larvae on all three immunized animals at 48h. Microscopically, a basophil infiltrate was evident in 
the feeding lesions of all three anim·als but it appeared more intense in the animals which received 
the combined immunization (cells plus serum) as shown in Figure 65. In this animal the basophils 
were able to form accumulations under the epidermis. 
6.6 Vaccination 
Used in the sense of "administration of antigenic material to stimulate active immunity with 
the aim of protecting against infection", vaccination against I. holocyclus larval feeding was attempted 
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in 4 experiments. 
Using a subcutaneous dose of 0.25mf larval extract (approx. 1.4mg protein) per 500g 
guinea pig, mixed with an equal volume of either saline, in complete Freund's adjuvant or complete 
Freund's adjuvant, animals were challenged 3 weeks later with a dose of 200 larvae. In the first 
experiment (8862) a half-dose was given intradermaffy. In the fast experiment (88127) one group 
of animals was given an extra two doses at weekly intervals. The results are given in Table 17. An 
extra animal was included in each group of experiments 8887 & 88108 and killed at 48h for histology. 
TABLE 17 
Vaccination with 1.4mg protein of a crude extract of I. holocyclus larvae in saline, 
incomplete Freund's adjuvant (I FA) or complete Freund's adjuvant (CFA). 
Engorgement returns following challenge with 200 larvae used to calculat~ rejection 
rates related to controls. 
Ex pt. % returns from 5 animals % 
No. CONTROLS VACCINATED REJECTION S.E. p = 
8862 45.0 32.0 28.8 9.0 .002 
(%-dose) * 
8887 31.4) 13.1 58.0 5.8 < .001 
31.0 (CFA) 
88108 43.9 16.5 62.4 5.0 <.001 
(saline) 
21.4 51.3 6.4 <.001 
(IF A) 
18.0 59.0 5.5 <.001 
(CFA) 
88127 62.3 38.6 38.0 5.7 <.001 
( 1-dose) * 
19.7 68.4 3.0 <.001 
(3-doses) * 
* in saline 
I 
I 
I 
I 
I 
I 
The results show that vaccination with a crude larval extract is capable of conferring a 
reasonable degree of immunity against larval feeding (38.0- 68.4% rejection) at a dose of 1.4mg 
protein per animal. The use of adjuvants appeared to offer no advantage but multiple vaccination 
(3-doses) resulted in higher protection (68.4%) than a single dose (38.0%). Some fibrosis was 
apparent at injection sites but no suppuration or painful lesions developed. 
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FIGURE 62. Larval tick which gas been feeding for 72h on the skin of a 
Heston guinea pig recipient of 250 X 10 non-immune lymphoid cells. There is no 
inflammatory reaction at the site of tick feeding. Giemsa X 60 
FIGURE 63. The intense reaction at 72h surrounding a larva feeding on a 
recipient of 250 X 106 immune lymphoid cells. The majority of the infiltrating cells 
are basophils. Note the pronounced cell-free zone of collagen around the tick's mouth-
parts. G iemsa X 60 
#' 
FIGURE 64. Moderate cellular infiltrate at the site of a larva feeding for 48h 
on a guinea pig which had received 5ml PCA-negative immune serum. Some basophils 
have accumulated under the epidermis near the tick. Giemsa X 60 
~· 
g# 
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FIGURE 65. The intense cutaneous reaction provoked by a larva feeding for 
48h on a guinea pig which had received both immune cells and immune serum. Baso-
phils have infiltrated the epidermis as well as a wide area of the dermis. 
Giemsa X 100 
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FIGURE 66. Larva nearing comglete engorgement after 96h feeding on a Heston 
guinea pig which had received 250 X 10 immune lymphoid cells. Despite the mild 
cutaneous basophil infiltrate, the tick has fed successfully and haemoglobin crystals can 
be seen in the gut contents. Chromotrope & Giemsa X 60 
FIGURE 67. Cutaneous reaction provoked by a larva feeding for 48h on a 
guinea pig vaccinated 3 weeks previously with I. holocyclus larval extract in incomplete 
Freund's adjuvant. Moderate basophil infiltrate has formed accumulations within the 
epidermis. Giemsa X 100 
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Histology 
Vaccinated animals from experiments BB87 & BB 108 showed visible erythematous skin 
reactions at the larval bite-sites. Histological examination showed a moderately intense cutan<1ous 
basophil response around the tick mouthparts (Figure 67) regardless of the adjuvant used. 
6.7 Discussion 
Adoptive immunization was capable of conferring immunity against the feeding of !... 
holocyclus larvae (37.5- 64.5% rejection, see Tables 15 & 16). Passive immunization with immune 
serum appeared to confer doubtful protection (Table 14), but in one group of Heston guinea pigs 
a significant rejection of 33.0% was achieved (Table 16). Although it is difficult to rely on the 
results of a single experiment, there seemed to be a marked synergistic protective effect when immune 
cells and serum were given simultaneously (Table 16). A rejection rate of 64.8% was recorded in one 
group, compared to 33.0% with serum alone and 37.5% with cells alone. Such an effect has been 
reported by Love (1975) who found that immunity to the nematode N. brasiliensis by rats was 
augmented by administration of both immune serum and sensitized cells, achieving an immunity as 
strong as that found in actively immunized rats .. Such co-operation between the humoral and cell-
mediated arms of the immune response has not been reported before with an arthropod experimental 
model, such as I. holocyclus in the guinea pig. 
Trager (1939) claimed to have transferred immunity to D. variabilis larvae with immune 
serum, but his results are difficult to analyze and would not stand up to statistical methods, having 
used only 2 or 3 guinea pigs per experiment. He did observe that larvae feeding from the immune-
serum recipients were often pale and insufficiently engorged, so it is quite likely that transfer of a 
low level of immunity was actually produced. No previous reports of successful adoptive immuniza-
tion against ixodid ticks have been published, although flea- and mosquito-bite hypersensitivity in 
laboratory animals has been transferred by lymphoid cells and with immune serum (reviewed by 
Feingold et al., 1968). 
Vaccination of guinea pigs with a crude extract of the tick also conferred a moderate level 
of immunity (38.0 - 68.4% rejection, see Table 17). Adjuvants did not appear to augment the pro-
tective effect but 3 doses of vaccine nearly doubled it (68.4% rejection) from that of a single dose 
(38.0%). Trager (1939) also reported the successful vaccination of guinea pigs against larval D. 
variabilis with a crude extract of the tick. He ground 400-500 larvae in 6-8ml saline and gave mul-
tiple small injections of these extracts. His results are again difficult to interpret but the,.e seems 
little doubt that some small degree of immunity was produced. Publication of an addendum to his 
experiments (Trager, 1939b) did little to clarify the results. Nonetheless, Trager's work has remained 
one of the most provocative steps in the neglected field of immunity to arthropods. Hypersensitivity 
to flea-bites in guinea pigs was induced by the injection of flea oral secretions by Benjamini et al., 
(1960) but only if given in Freund's complete adjuvant. 
The reduction in numbers of detaching fully-fed larvae did not appear to accurately reflect 
the onset of an immune response in the immunized guinea pigs. This 'vvas shown by (a) the 
detection of a moderately intense cutaneous basophil response histologically, even if the 
larval rejection rate was low and {b) the observation that an increased number of partially-fed 
larvae detached from many of the groups of immunized animals. The histological detection of 
basophils might thus be a more sensitive indicator of immune responsiveness and the weighing 
of all larvae collected might detect early effects of the immune response mounted against them. 
The choice of the prescapular and axillary lymph nodes as sources of sensitized lymphoid 
cells was based on the fact that these nodes drained the backline areas of skin where I. holocyclus 
had fed. It remains to be shown that this source is the best one, however, as peritoneal exudate 
cells might well perform the same task effectively. Five infestations of larvae on the cell-donor 
animals did not confer a greater immunizing effect on their lymph node cells, and two infesta-
tions seemed to produce more effective cells (Table 15). Similarly, multiple infestations of 
larvae on the serum-donor animals did not confer a greater immunizing effect on their serum 
(Table 14) despite the presence of skin-sensitizing PCA-detectable antibodies (see Chapter 7.3). 
The literature on cutaneous basophil hypersensitivity (CBH) in the guinea pig is of no 
great assistance in understanding the basophil response seen with the transfer of immunity to!.: 
holocyclus larvae (see Chapter 4.7). It has been reported, for example, that CBH was generally 
elicited in animals immunized without mycobacterial adjuvants (e.g. using incomplete Freund's) 
but the use of complete Freund's gave a transient, early basophil response (Dvorak et al., 1971 ). 
These authors successfully transferred CBH with lymph nodtcells, but not with serum. Askenase 
(1973) was the first author to report successful transfer of CBH with immune serum, using 3.5-
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5ml per animal. He also noted that histological examination of the skin could reveal a basophil 
response when macroscopic lesions were absent. 
6.8 Summary 
(1) Passive transfer of cutaneous immunity to the feeding of I. holocyclus larvae 
produced a significant reduction (33%) in the number of engorging larvae in one experiment 
only. Smaller reductions (8.5- 24.1%) were produced in three other experiments but the 
results were oot statistically significant. However, histological examination of the tick-
feeding lesions showed that a cutaneous basophil response had been transferred. 
(2) Adoptive transfer of immunity with sensitized lymph node cells in inbred 
Heston guinea pigs was successful, conferring 37.5 - 64.5% rejection of a challenge dose of 
200 larvae. 
(3) The combined transfer of immune serum and sensitized lymph node cells in 
Heston guinea pigs conferred almost twice the immunity seen with either cells or serum 
alone. 
(4) Vaccination of guinea pigs by means of a crude extract of I. holocyclus larvae, 
with or without adjuvants, successfully produced 38.0 - 68.4% rejection of a challenge dose 
of 200 larvae. 
(5) Histological examination of larval feeding lesions on guinea pigs immunized by 
all methods showed that a cutaneous basophil response of moderate intensity may be 
present even if immunity to the ticks, as recorded by their ability to engorge, is not high. 
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Chapter 7. THE NATURE OF THE IMMUNE RESPONSE FOLLOWING LARVAL 
Ixodes holocyclus INFESTATION IN THE GUINEA PIG 
7.1 Introduction 
Results given in previous chapters showed that cutaneous immunity to the feeding of 
I. holocyclus in the guinea pig is (a) acquired, (b) accompanied by a basophil hypersensitivity 
reaction which appears to exert a deleterious effect on the tick, (c) transferable with immune 
cells and serum, and (d) can be induced by vaccination with a crude extract of the parasite. 
Some investigations were thus made of the immunological mechanisms underlying this example 
of immunity to an arthropod. 
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Guinea pigs which received up to 5 infestations of larvae were used to study (a) serum -
for the presence of circulating antibodies, (b) changes in the regional lymph nodes- which might 
give some indication of involvement ofT and B lymphocytes, (c) blood - in particular the levels 
of circulating basophils and eosinophils and (d) whether the response can be altered by the admin-
istration of an antihistamine drug. In addition, a brief study of some tick antigens was made and 
also two attempts to detect the production of macrophage migration inhibition factor (M IF) by 
sensitized lymphocytes. 
7.2 Materials and methods 
The type of guinea pigs used, the methods of application and subsequent collection of lar-
vae, and the quantitation of the immune response have been described in Chapter 3.2. The tech-
niques of histology and preparation of larval antigenic extracts were given in Chapter 4.2. Sera were 
prepared as outlined in Chapter 6.2. 
Passive cutaneous anaphylaxis (PCA) 
The technique used was similar to that described by Ovary (1968). White female guinea 
pigs, 300-500g, were given intradermal injections of 0.1 ml of each test serum at sites along the back-
line. After latent periods of 4h and 7 days the animals were given 0.25ml I. holocyclus larval 
antigenic extract plus 0.5ml 1% Evan's Blue intravenously. Serum injection sites were examined for 
PCA reaction at 30 min and graded according to the diamete10f the blued area (see Figure 68) - less 
than 5mm (±),more than 5mm (+)and no reaction (-). Titrations were estimated by serum dilution 
in saline. 
Precipitin reactions by agar diffusion 
An immunodiffusion method similar to that of Ouchterlony (1962) was used. Plates of 1% 
agar were prepared and the central weiJ filled with I. holocyclus larval antigen. The peripheral wells 
were filled with sera to be tested and the plates kept at 4°C for up to one week. 
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Electrophoresis of serum and larval extract 
Cellulose-acetate electrophoresis was carried out using a Gelman electrophoresis chamber. 
The strips were read by densitometer and the absolute values of serum protein fractions calculated 
from the total protein estimated by refractometer. The larval antigen was concentrated approxi-
mately 10 times before analysis using an Amicon 815 concentrating chamber. 
Immunoglobulin fractionation 
lgM, lgG1 and lgG2 fractions of immune serum were obtained by gel filtration and chroma-
tography accading to the method of Rothwell & Merritt (1974) . 
Macrophage migration inhibitory factor (MIF) 
A method was adapted from that of Marsman et al. (1972) as used by Dr. Sue Croft, 
Department of Immunology, University of Sydney (person.communication, 1974). Lymphoid cells 
were obtained from either lymph nodes or peritoneal exudate and macrophages were obtained from 
peritoneal exudate. The medium used was RPM I 1640 with 10% guinea pig serum. 
Haematology 
Total blood leucocytes were counted directly in a haemocytometer using blood obtained 
from a clipped toenail by pipette and diluted with Turk's fluid. Two air-dried blood smears were 
taken from each guinea pig and stained with May-Grunwald-Giemsa (Wilson & Hoskins, 1975) 
before mounting under large coverslips. Basophil, eosinophil , neutrophil and mononuclear cells 
were indirectly estimated by differential count of 1,000 leucocytes (500 from each smear) under 
high-dry 400X magnification and calculating absolute numbers from the total leucocyte count. 
RESULTS 
7.3 Serum antibodies 
Attempts to detect circulating antibodies were made by two methods, (1) passive cutan-
eous anaphylaxis (PCA) and (2) precipitin reactions in agar. 
Passive cutaneous anaphylaxis (PCA) 
Various immune sera were tested for the presence of skin-sensitizing antibodies by the 
PCA technique. Duplicate animals were always used and normal sera used for control sites. In 
some experiments, samples of the sera were heated at 56°C for 1 h to inactivate any reaginic anti-
body present (Parish, 1970). In one experiment (BB 136) a sample of known PCA-positive serum 
was fractionated and the lgM, lgG 1 and lgG2 fractions also tested for PCA activity. In experiments 
BB 123 and BB 136 serum dilutions up to 1:500 were tested. The results of all PCA tests are given 
in Table 18. 
TABLE 18 
Detection of homocytotropic (skin-sensitizing) antibodies by passive cutaneous 
anaphyiCixis (PCA) in guinea pigs using sera from animals which had received 1-5 
infestations of I. holocyclus larvae at 3-weekly intervals. 
Ex pt. No. of serum-donor 4-hour tests 7-day tests 
No. infestations serum serum serum serum 
not heated heated not heated heated 
BB38 2 (outbred) - n.d.* - n.d. 
BB81 5 (Heston) + n.d. + n.d. 
BB93 1 (outbred) - - - -
2 II 
- -
-
-
3 II - -- -
4 II + + + + 
5 II + + + + 
5 (Heston) + + + + 
BB123 5 (outbred) + + + + 
. 
5 (Heston) + + + + 
BB136 5 (Heston) + + + + 
" I gM fract; + - - -
-
II lgG1 II 
- + + -
II lgG2 II 
- -- -
BB141 5 (outbred) + + + + 
*n.d. =not done 
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The results show that homocytotropic antibody was only detected in serum from guinea 
pigs which had received a total of 4 or 5 infestations with I. holocyclus larvae. This antibody was 
heat-stable and present in titres up to 1:100. In one experiment (BB 141) two guinea pigs were also 
tested at 14 days and still gave positive reactions to both heated and unheated sera. Fractionation 
of immunoglobulins showed that the PCA activity was located primarily in the lgG1 fraction, al-
though a faint positive reaction was obtained from the lgM fraction (Figure 68). 
Precipitin reactions in agar 
One experiment (BB142) was carried out to determine the presence of precipitating anti-
bodies in sera from guinea pigs which had received 1-5 infestations of I. holocyclus larvae. Three 
agar-gel plates were set up, each containing a sample from the 5 immune sera plus one non-immune 
control serumwith larval antigen in the central well. 
At 24h there were no visible precipitin lines but at 48h there was a fine but distinct line 
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present between the 5-infestation serum and the antigen in all three plates. By 96h this line was 
maximally defined, although still quite fine. No other positive reactions were seen. This result 
indicates that precipitating antibody only appears in the serum of guinea pigs which have received 
more than 4 infestations of I. holocyclus larvae. 
Electrophoresis of serum 
Cellulose-acetate electrophoresis of 5-infestation immune serum was compared to that of 
non-immune control serum in a single experiment (88143). Each sample was the pooled serum 
from 5 animals. The results are given in Table 19. Total protein was estimated by refractometer. 
TABLE19 
Electrophoresis of immune and non-immune serum. Results in grams per 1 OOml serum. 
FRACTION 
Total protein 
Albumin 
o(- globulins 
P..- globulins 
'lS- globulins 
IMMUNE SERUM 
(5-infestations) 
5.2 
2.7 
1.2 
0.5 
0.7 
NON-IMMUNE SERUM 
(control) 
4.8 
2.3 
1.3 
0.5 
0.6 
The results indicate that there was no significant difference in serum protein fractions 
between immune and non-immune animals. 
7.4 Larval I. holocyclus antigenic extract 
Three experiments were carried out to investigate some properties of the larval crude 
antigenic extract which contained 5-6 mg protein per ml (see Chapter 4.2). 
Toxicity 
In experiment 88106, four mice were injected subcutaneously with larval antigenic 
extract, two with 0.5ml and tvvo with 1.0ml. The animals were observed over a period of 48h. 
No toxic effects were seen, either systemic in the form of paralysis or local in the form of 
inflammation at the injection site. This suggested that the larval extract, as used in the present 
study, did not contain significant amounts of I. holocyclus "paralysis" toxin, as measured by the 
effects on mice (Kaire, 1966). 
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Antigenicity 
In experiment 88124, eight guinea pigs were injected intradennally with O.iml known 
PCA-positive immune serum. After latent periods of 4h and 7 days, two animals were injected 
intravenously with a mixture of 0.25m! larval antigen plus 0.5ml 1% Evan's Blue. Two other 
animals were similarly injected, but with an antigenic extract prepared from unhatched 4-weeks-old 
I. holocyclus eggs (500mg/5ml) instead of larvae. 
Positive PCA reactions occurred at both 4h and 7 days using the larval extract but none 
reacted with the egg ar.tigenic extract. This indicated that the antigens responsible for the production 
of skin-sensitizing antibodies detected in larval infected guinea pigs were only present in the fully-
developed, hatched larvae and not I. holocyclus eggs. 
Further studies on the antigenicity of I. holocyclus extracts were carried out on the skin of 
the author, who developed hypersensitivity to the ticks during the course of the project (see Chapter 
8.8). 
Electrophoresis of larval extract 
Cellulose acetate electrophoresis of crude I. holocyclus larval extract (concentrated 10 X) 
was carried out in experiment 88144. The densitometer tracing of the strip in shown in Figure 69. 
It shows that the protein content of the extract was located in two major peaks towards 
the anode. 
7.5 Macrophage migration inhibitory factor (MIF) 
Two experiments were carried out to detect production of Ml F by sensitized lymphocytes 
obtained from guinea pigs which had received previous infestations of I. holocyclus larvae. The 
antigen used was Millipore-filtered (0.22 p) crude larval extract. 
In experiment 8895, sensitized lymphocytes were obtained from the regional lymph nodes 
of a guinea pig which had received one previous infestation of larvae. Unsensitized control lympho-
cytes were obtained similarly from a non-immune donor. The same source of macrophages was 
used with both preparations of lymphocytes i.e. peritoneal exudate cells from a non-immune donor. 
Concentrations of larval antigen used in the final migratio:-1 medium were 0, 20, 50 and 100 )Jg/ml. 
In experiment 88109, sensitized lymphocytes were obtained from peritoneal exudate of a 
guinea pig which had received two previous infestations of I. holocyclus larvae at 3-week intervals. 
No additional macrophages were thus required using this preparation. Unsensitized lymphocytes 
plus macrophages were obtained from the peritoneal exudate of a non-immune guinea pig. Concen-
trations of larval antigen used in the final migration medium were 0, 100, 200 and 400 }Jg/ml. 
In both experiments, all capillary tubes of macrophages migrated successfully, but no 
significant inhibition of migration (more than 10%) occurred in any preparation containing the 
larval antigen. The results suggested that, by the methods described, production of Ml F by 
I. holocyclus-sensitized lymphocytes was not induced ~:-., the presence of larval specific antigen. 
7.6 Histology of regional lymph nodes 
In experiment BB113, 10 non-immune and 10 immune (1 larval infestation) guinea pigs 
were given a dose of 200 larvae along the backline. One animal from each group was killed at 
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3, 12, 24, 36, 48, 72, 96, 125, 200 and 300 hours after application of the ticks. Both axillary lymph 
nodes were excised and fixed in Bouin prior to histological examination. 
In the non-immune animals, significant changes in the nodes were not seen until after 72h, 
when they increased in size. At 96h the nodes showed evidence of lymphoblastic activity with 
enlargement of the paracortical area and the presence there of large lymphoid (blast) cells and 
mitotic figures. At 125h (5 days), the nodes were more than twice their normal size and swollen 
with lymph and enlarged paracortex. Numerous germinal centres w~re now clearly evident and the 
paracortex showed further lymphoblast activity, although depletion of small lymphocytes was not 
marked. By 200h (8 days) the nodes were still enlarged and showing continued lymphoblastic 
activity. At 300h ( 12 days) the nodes were still larger than normal. Enlargement of the medullary 
area was not a feature and many eosinophils were seen in some sections at all stages of the infesta-
tion and afterwards. Basophils were only occasionally seen. 
In the immune animals, the resting nodes were already larger than those seen from the non-
immune animal (Figure 70). As early as 36h, however, the nodes showed a further increase in size 
and by 48h the paracortex was enlarged and contained blast cells and mitoses. At 72h the nodes were 
almost twice the size of the early non-immune nodes and showed marked lymphoblastic activity. By 
125h (5 days) the nodes contained many germinal centres (Figure 71) and an enlarged paracortex. 
Nodes at 200 and 300h (8 and 12 days) appeared relatively quiescent. Widely varying numbers of 
eosinophils were seen at all stages but only the occasional basophil was detected. 
The results indicate that the lymph nodes in both immune and non-immune animals showed 
evidence of peak lymphoblastic activity about the 5th day. Nodes from the immune group appeared 
to become active earlier (36h) than those from the non-immune group (72h). At 125h (5 days) the 
nodes from the non-immune animal showed signs of oedema. 
7.7 Haematology 
In a single majorexperiment (BB112), 5 non-immune and 5 immune animals (1 previous 
infestation) were given a dose of 200 I. holocyclus larvae. Blood samples were taken from ea~h 
animal before application of the ticks and at 1, 2, 3, 6, 9 and 14 days afterwards. Total leucocyte 
and absolute basophil, eosinophil, neutrophil and mononuclear leucocyte counts were made. The 
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FIGURE 68. Passive cutaneous 
anaphylaxis (PCA} reactions elicited after 
a 7·day latent period. Columns of 
injection sites from left across: whole 
serum, lgM, lgG 1 & lgG2. Dilutions 
from top down: undiluted, 1:10, 1:50, 
1:100 & 1:500. Results show that the 
titre of skin-sensitizing antibody in the 
immune serum was more than 1: 100. 
Weak reaction to lgM fraction cannot be 
explained. Titre of lgG1 fraction 1:10. 
lgG2 negative. Serum and fractions 
injected into this animal were not heat-
treated. Photographed %h after intraven-
ous injection of larval antigen plus 1% 
Evan's Blue. 
+ 
FIGURE 69. Densitometer tracing of cellulose acetate strip following 
electrophoresis of concentrated I. holocyclus larval antigenic extract. Two major 
protein peaks have migrated towards the anode. 
FIGURE 70. Unstimulated axillary lymph node from guinea 
pig never exposed to ticks. Node is small (3.0mm) and contains 
only 1 or 2 germinal centres. The paracortex and medulla are almost 
,equal in size. H & E X 20 
FIGURE 71. Axillary lymph node from immune guinea pig 
which had a second infestation of larvae applied 5 days ago. Node is 
considerably enlarged and contains many active germinal centres. 
Paracortex is enlarged when compared to medulla. H & E X 20 
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mean results from the 5 animals at each interval were plotted on graphs (Figures 72 & 73). 
There was a temporary slight drop in total leucocytes 1-2 days after infestation but after 
that the numbers remained relatively unchanged in botr. immune and non-immune animals. The 
numbers of neutrophils and mononuclear leucocytes also remained similarly stable in both groups • 
(Figure 72) but those of eosinophils and basophils showed apparent differences (Figure 73) be-
tween the immune and non-immune animals. In the non-immune group,a small peak in eosinophil 
numbers (344/mm3) was seen on the 6th day but a similar peak (296/mm3) was seen 3 days 
earlier in the immune group. Marked differences in basophil numbers between the groups were seen. 
In the non-immune animals a biphasic peak occurred between the 3rd and 9th days (215/mm3) 
whereas in the immune group a comparatively slow and modest rise (93/mm3) was seen. 
7.8 Administration of antihistamine 
In three experiments (BB72, BB75 and BB102) the antihistamine drug mepyramine 
("Anthisan", May & Baker Ltd.) was administered to a group of 5 immune guinea pigs (1 previous 
infestation). A dose rate of 15mg/kg was given every 8h for 5 days during the feeding of a challenge 
dose of 200 larvae. The engorgement returns from these treated immune animals were compared to 
groups of untreated immune and non-immune animals. The results are given in Table 20. 
TABLE 20 
Administration of mepyramine maleate, 15mg/kg three times daily, to immune guinea 
pigs. Engorgement returns following challenge with 200 I. holocyclus larvae used to 
calculate rejection rates related to non-immune controls and compared with that of 
untreated immune animals. 
Expt. % returns from 5 animals % 
No .. NON-IMMUNE IMMUNE IMMUNE REJECTION S.E. p= 
(controls) (untreated) (treated) 
8872 11.8 0.9 92.4 47.5 .06 
3.2 72.9 49.1 
.1 
8875 42.5 11.9 74.6 12.1 .002 
51.2 
(mean- 18.2 60.9 12.4 .004 
46.8 
88102 27.6 0.5 98.5 17.1 .002 
37.7 
(mean- 4.8 85.3 17.2 .004 
32.6 
---- - -- - ------- ------L....-.. -------
The results from all three experiments indicate that mepyramine caused a minor,although 
statistically significant, increase in the survival of larvae on immune animals. 
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7.9 Discussion 
The results presented in this chapter provide some additional information regarding the 
nature of the immune response to larval I. holocyclus infestation in the guinea pig. Although 
single experiments are often insufficient to define underlying immunological mechanisms, they 
may point to areas in which further study might be profitable. 
Serum antibodies 
Certain antibodies detected in the serum of parasitized animals have been shown to pro-
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vide a protective effect against the relevant parasites (Ogilvie, 1970). There remains a vast literature, 
however, on other antibodies which may be present in the serum but show no detectable protective 
effect, although they are sometimes useful in the sero-diagnosis of parasitic diseases (Kagan, 1974). 
The previously sharp distinctions between antibody-mediated and cell-mediated immunity have 
given way under recent evidence which suggests that the stimulation of certain types of antibodies 
may be closely related to the stimulation of cell-mediated immunity in parasitic infections (Ogilvie, 
1970). 
Little information is available on the production or role of antibodies detected during arthro-
pod infestations, with the exception of work carried out on hypersensitivity to the bites of mos-
quitoes and fleas (reviewed by Feingold et al., 1968). Antibodies have been reported in tick infestations 
but their role never defined. Riek (1958) inoculated mice, guinea pigs and rabbits with a saline 
extract of H. bispinosa eggs and found that precipitating and skin-sensitizing antibodies were produced 
either singly or together by the animals. He found that precipitating antibodies protected the animals 
against the toxic effects of the egg extracts but resistance to tick feeding was associated with skin-
sensitizing antibodies. R iek ( 1962) also concluded that acquired resistance by cattle to B. microplus 
was the result of a hypersensitivity mediated by skin-sensitizing antibodies detectable by local passive 
transfer to non-immune animals. Tick infestations in rabbits have frequently been reported to be 
associated with detectable serum antibodies. K()hler et al. (1967), investigating rabbits infested with 
R. sanguineus, demonstrated serum antibodies by immunodiffusion, immunoelectrophoresis and 
immunofluorescence, also showing that tick salivary gland antigens were responsible for their production. 
Weiland & Emokpare ( 1968) used the complement-fixation test to detect antibodies in tick-infested 
rabbits, as was first shown by Trager (1939b). Gfeller (1971) found that the development of cutaneous 
immunity to R. bursa feeding on rabbits occurred at the same time as precipitating antibodies against 
salivary gland antigens were detected in their serum. Boese ( 1974) reported PCA-detectable antibody 
in rabbits infested with H. leporispalustris and suggested some association with the onset of immunity 
against tick feeding. 
Skin-sensitizing antibodies, found in the serum of guinea pigs which had received 4 or 5 
infestations of I. holocyclus larvae, did not appear to confer significant immunity against the tick 
(see Chapter 6, Table 14). In these experiments, transfer of a cutaneous basophil response (detected 
histologically) was successfully achieved with immune serum regardless of whether it contained PeA-
detectable antibody or not. Askenase ( 1973) transferred guinea pig cutaneous basophil hypersensit-
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ivity with serum but the factors in the immune serum responsible for the etfect were not known. 
The fact that administration of immune serum was capable of augmenting the immunizing ability 
of transferred I. holocyclus-sensitized lymphoid cells (see Chapter 6.5, Table 16) may be explained 
by the work of Boetcher & Leonard (1973). These authors found that human basophils responded 
chemotactically in vitro to lymphocyte-derived and complement-derived (C5a) factors and also that 
pre-incubation of basophils with the lymphoctye factor augmented their subsequent response to 
C5a. From these results it was suggested that enhanced accumulation of basophils at the site of 
certain immune reactions may occur by a two-step mechanism- priming of basophils by a product 
of stimulated lymphocytes followed by an increased response to C5a. Since stimulated lymphocytes 
are a component of the cellular immune response and C5a is generated by antigen-antibody activa-
tion of complement, the postulated two-step mechanism of basophil accumulation represents an 
interaction between the cellular and humoral arms of the immune response. 
It was found that the PCA~activity of guinea pig I. holocyclus immune serum waslo cated 
primarily in the heat-stable lgG1 immunoglobulin fraction (Table 18). No evidence for a major role 
by reaginic heat-labile lgE was revealed in the limited experiments. It is known that guinea pigs may 
produce at least three distinct types of antibodies which are capable of sensitizing homologous skin 
anaphylactically (Parish, 1970). The first·is the heat-stable lgG1 first recognised by Ovary, Bena-
cerraf & Bloch ( 1963) which sensitizes skin after a latent period of 4h and persists for about 4 days. 
It tends to diffuse from the injected sites after 16h so that high-titre sera may cause a diffuse PCA 
reaction. This diffuse blueing was occasionally seen with I. holocyclus-immune serum. The second 
antibody shares antigenic determinants with lgG1 and may be a variety of it. It is also heat -stable 
but requires a latent period of about 16h and persists for up to 8 days. This immunoglobulin may 
have been present in the lgG1 fraction obtained from tick-immune serum (Table 18) which gave no 
response at 4h but a positive response after 7 days. The third guinea pig skin-sensitizing antibody 
is heat-labile (56°C for 1 h), resembles lgE and appears in the serum after prolonged sensitization. 
The anaphylactic antibodies found in the tick-immune serum were heat-stable and persisted for up 
to 14 days, indicating that further investigation of them is required. Their possible role in tick re-
jection by immune guinea pigs also needs elucidating. A comprehensive review of the anaphylactic 
antibodies of mammals including man has been published (Bloch, 1967) These antibodies are 
capable of "fixing" to mast cells and basophils. In the presence of specific antigen, the antigen-
antibody interaction at the cell surface triggers the release of histamine (Mcintire, 1973). Such a 
mechanism has been shown to operate in guinea pig basophils (Starr, 1970) and may play a role 
in the rejection of I. holocyclus by immune guinea pigs. No explanation can be given for the weak 
positive PCA activity seen with the lgM fraction from tick-immune serum (Figure 68) as this anti-
body does not participate in anaphylactic reactions. Electrophoresis of serum proteins from both 
immune and non-immune animals (Table 19) revealed no essential deviation from the normal range 
(Kozma, Pelas & Salvador, 1967). 
I. holocylcus larval antigens 
The lack of toxicity of I. holocyclus larval antigenic extract (see Part 3 of this chapter) 
confirms earlier evidence that the "paralysis" toxin plays no role in the cutaneous immunity to 
tick feeding. The mouse is susceptible to this toxin (Murray & Koch, 1969) yet even 1.0ml of 
the larval extract failed to affect them, an equivalent of 2,000 larvae (see Chapter 4.2). Only 
0.25ml of this extract was able to immunize vaccinated guinea pigs (see Chapter 6.6). 
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The finding that an extract of larvae, but not eggs, reacted with specific antibody in PCA 
reactions suggested that the responsible antigens were only present in the fully-developed larvae. 
Such a phenomenon might be explained by the development of tick salivary glands about the time 
of hatching. McKie I ( 1959) showed that injected extracts of eggs, larvae or young pupae of the 
mosquito Aedes aegypti could not sensitize guinea pigs to the bites of adult female mosquitoes. 
Extract of older pupae was able to induce sensitization, suggesting that the sensitizing antigen 
developed during the late stages of metamorphosis. 
Electrophoresis of I. holocyclus larval extract showed a pattern (Figure 67) not unli ke 
that described for B. microplus larval extract (Riek, 1959). This author, however, found that the 
antigens provoking hypersensitivity in cattle were not located in the two major anode peaks. De-
tailed studies on the antigens of I. holocyclus larval extract are now clearly required. Whole-body 
extracts of this type inevitably must contain innumerable constituents, the majority of which are 
probably not concerned with the specific cutaneous immune response. The work of Benjamini 
et al. (1960) remains the most interesting example of arthropod antigenic study. They found that 
a dialyzable extract of the oral secretion of the flea C. felis only became immunogenic if combined 
with collagen (or other adjuvants) , suggesting that the flea antigen was a hapten which conjugated 
to dermal collagen at the site of a flea-bite and persisted there. 
Macrophage migration inhibitory factor (MIF) 
There is an ever-increasing amount of evidence demonstrating that lymphoid cells are the 
source of a whole range of soluble and biologically-active substances (reviewed by Pick & Turk, 
1972). A substance able to inhibit the migration of macrophages in vitro has been called migration-
inhibitory-factor (MIF) and constitutea.the first example, other than antibody, of a secretory lympho-
cyte product. It is classically produced by sensitized lymphocytes in delayed hypersensitivity states 
(cell-mediated immunity) and can be detected in vitro when these cells are exposed to specific 
antigen. 
Although the immune skin lesions to I. holocyclus are delayed-onset hypersensitivity reac-
tions (see Chapter 4), no MIF production was detected in two experiments (see Part 5 of this chapter). 
This finding nonetheless agrees with the view that M IF is not produced in cutaneous basophil hyper-
sensitivity in the guinea pig (Bast, Simpson & Dvorak, 1971 ), further differentiating it from tuber-
culin-type delayed hypersensitivity. 
Histology of regional lymph nodes 
The study of lymph node histclogy in order to evaluate immunological activity is well 
recognised and a standardised system of reporting has been proposed (Cottier, Turk & Sobin, (1972). 
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The main features of interest include the germinal centres which are thymus independent, contain 
predominantly B I ymphocytes and participate in antibody production; the paracortical region 
which is thymus dependent, contains T lymphocytes and participates in cell-mediated immunity, 
and the medullary cord area which may contain antibody-producing plasma cells (Turk, 1971 ). 
The axillary lymph nodes of the guinea pig are normally small and inactive but their 
stimulation following a cutaneous infestation of I. holocyclus was readily observed (see Part 6 of 
this chapter). Although only a small number of animals were studied from a single experiment, 
changes suggested that a mixed response involving both cell-mediated and antibody-mediated imm-
unity was taking place. The onset of activity in the nodes appeared to coincide with the onset of 
cutaneous hypersensitivity reactions to the ticks (see Chapter 4.3). 
Haematology 
With vigorous participation by basophils and eosinophils in the skin reactions to I. holo-
cyclus larvae (see Chapter 4) it is relevant to study the numbers of these cells circulating in the blood. 
The results shown in Figures 72 & 73 illustrate that the course of the total leucocyte counts and the 
absolute neutrophil and mononuclear counts were similarly stable in both immune and non-immune 
animals following an infestation of larvae, despite the unexplained higher totals shown throughout 
by the immune group. Increased numbers of basophils were detected following the larval infestation., 
particularly in animals exposed to the tick for the first time. The response was erratic, however, 
indicating that numbers of these cells in the blood represent the balance between migration into or 
out of the previously described skin reactions. For example, during the peak cutaneous basophil 
response in immune animals (3rd day) only a slight rise inc irculating basophils was apparent (Figure 
73). Eosinophil numbers in the blood showed only minor alterations from normal in both groups of 
animals. 
No similar studies following tick infestation have been published. Blood basophilia and 
eosinophilia has been reported in rabbits associated with the "self-cure" phenomenon during infection 
by the nemotode parasite T. colubriformis (Purvis & Sewell, 1972). Guinea pigs exposed to first and 
second doses ofT. colubriformis have also been shown to exhibit basophilia (over 200 cells/mm3) and 
eosinophilia (over 100 cells/mm3), with a more rapid response seen in those animals sensitized by a 
previous infection (Rothwell, 1975). Increased blood basophils have been reported in humans in the 
early stages of allergic bronchial asthma (Kimura, Moritani & Tanizaki, 1973). Rats infected with 
Trichinella spiralis have been shown to develop a pronounced eosinophilia after a single infection 
(Basten, Boyer & Beeson, 1970). 
Administration of an antihistamine 
In view of the fact that histamine-rich basophils play such a prominent role in the cutaneous 
immune response to I. holocyclus and that increased levels of histamine were found in the larvae fed 
on immune animals (see Chapter 5.4), the effects of an anti-histamine drug were studied. The hista-
mine antagonist mepyramine has been shown to inhibit the capacity of immune guinea pigs to reject 
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a challtmge dose of the nematode T. colubriformis (Rothwell, Dineen & Love, 1971 ). 
Although this drug caused a minor decrease in rejection of I. holocyclus larvae by immune 
guinea pigs (Table 20) the effect needs further study. Antihistamine drugs are thought to act by 
competitive anatagonism of tissue histamine receptors near the cell surface (Paton, 1973) and thus 
they might be ineffective on the action of basophil-released histamine in the gut of I. holocyclus 
larvae. The administration of antihistaminic drugs to cattle infested with B. microplus has been 
reported to allow significantly more ticks to survive on some resistant hosts (Tatchell & Bennett, 
1969). 
A number of other biologically-active mediators of the hypersensitivity reaction, including 
slow-reacting substance of anaphylaxis (SRS-A), 5-hydroxytryptamine and kinins may be present 
in the larval skin lesions and thus the effects of drugs other than mepyramine may be worthy of 
further investigation. 
7.10 Summary 
(1) A crude extract of I. holocyclus larvae was able to induce positive passive cutan-
eous anaphylaxis (PCA) reactions in guinea pigs injected with immune serum. An extract of 
4-weeks old I. holocyclus eggswas unable to do this, suggesting that the antigen is present only 
in the fully developed larva. The larval extract was also non-toxic to mice, providing further 
evidence that "paralysis" toxin is not involved in the cutaneous immune response against the 
tick. 
(2) Skin-sensitizing antibody was detected by PCA from the serum of guinea pigs 
exposed to a total of 4 or 5 infestations of I. holocyclus larvae. It was present in titres up to 
1:100 and the main activity was found in a heat-stable I gG 1 fraction of the serum. 
(3) Precipitating antibody was detected in the serum of guinea pigs exposed to a total 
of 4 larval infestations. 
(4) Histological examinations showed that an infestation of I. holocyclus larvae was 
followed by well-defined activity in the regional lymph nodes suggestive of a mixed immune 
response. 
(5) Increased numbers of blood basophils were present in guinea pigs following a 
larval infestation, but there was no clear pattern of change shown by other leucocytes. 
(6) Administration of the antihistamine drug mepyramine caused only a minor inhibi-
tion of the rejection of larvae by immune animals. 
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8.1 Introduction 
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Experiments described in previous chapters were designed to study the host-parasite 
relationship between I. holocyclus and the guinea pig (Cavia porcellus). In order to gain some 
comparative knowledge, brief investigations were made of the responses to I. holocyclus in three 
more laboratory animals, the bandicoot, the dog and man. The main areas of interest were 
(a) whether the host acquired cutaneous immunity to the tick and (b) the nature of their skin 
reactions. 
8.2 Materials and methods 
The methods for handling the three instars of the tick have been described in Chapter 2. 
Histological techniques were outlined in Chapter 4.2 Larval I. holocyclus antigenic extract was 
prepared as detailed in Chapter 4.2. 
RESULTS 
8.3 The rabbit (Oryctolagus cuniculus) 
Previously published reports have indicated that the laboratory rabbit is particularly sus-
ceptible to the development of cutaneous immunity to a variety of ticks (Trager, 1939; Gfeller, 
1971; Loomis, 1961 & 1971; Boese, 1974; Branagan, 1974). No studies on the skin reactions to 
I. holocyclus in rabbits have appeared. 
Observations 
One mature male New Zealand White rabbit was used for several experiments (BB117, 
BB129, BB138, BB 140). An initial dose of 600 I. holocyclus larvae was applied along the unclipped 
backline. At 48h a biopsy was taken of skin with attached larvae. No erythema was visible at the 
feeding sites and histological examination showed the accumulation of only a few mixed inflamma· 
tory cells in the vicinity of the tick (Figure 74). Two weeks later, a second dose of 600 larvae was 
applied. After 18h marked erythema was visible around each attached tick and at 48h firm, raised 
inflammatory skin papules up to 10mm diameter had formed at each site (Figure 76). A second 
biopsy at this stage showed that the papules comprised an oedematous skin reaction with marked 
accumulation of lymphocytes, neutrophils, macrophages and quite a number of eosinophils (Figure 
75). Capillary congestion was intense and many red blood cells had extravasated; no basophils were 
apparent. Very few larvae survived on the rabbit this time, an engorgement return of only 2.5% 
being recorded. 
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Six weeks later, 200 larvae and 50 nymphs were applied to an area of shaved backline skin. 
Because pruritus had been observed on the previous occasion, a plastic "Elizabethan" collar was 
fitted around the rabbit's neck to prevent grooming of the area. Intense itching was apparent 
within %h of application of the ticks. By 24h similar erythematous raised papules had developed 
at the tick attachment sites. By 72h it was seen that about 20% of the larvae and nymphs were in 
fact able to partially engorge and detach from this area of protected skin (Figure 77). Three adult 
ticks were also allowed to feed on this region. Intense pruritus soon after their attachment was 
evident by the animal's repeated attempts to scratch off the ticks and this persisted throughout the 
entire period of feeding. One tick failed to engorge and disappeared within 24h. The other two 
engorged slowly and detached on the 6th day (weight 90mg) and the 12th day (weight 175mg). 
Their attachment sites were marked by local skin swelling. A skin "prick" test with I. holocyclus 
larval antigen failed to elicit an immediate hypersensitivity reaction in the rabbit at this stage. 
From the above observations it was concluded that: 
(a} The rabbit had acquired cutaneous immunity to the tick. 
(b) Delayed hypersensitivity reactions developed at the tick attachment sites during the second 
and third infestations. 
(c) The rabbit's skin responses after sensitization were not as deleterious to the ticks as those of 
guinea pigs (Chapter 5), allowing many to partially engorge and detach alive. 
(d) Self-grooming and scratching by the rabbit may be an important adjunct to the cutaneous re-
jection of the parasites. 
8.4 The rat (Rattus rattus) 
The laboratory rat has less frequently been reported as a host for the feeding of ixodid 
ticks (Gregson, 1964; Feldman-Muhsam, 1964; Moorhouse, 1967) although it is sometimes used 
for the feeding of tick larvae (Barnett, 1972). No reports of the skin reactions to I. holocyclus in 
laboratory rats have been published, although they have been successfully used for the feeding of 
the larvae and nymphs of this tick (B.M.Doube, 1975, personal communication). 
Observations 
Seven mature male outbred Wistar white rats were used in several experiments (BB117, 
88129, 88132, BB133, BB138). An initial dose of 200 larvae was applied along the backline of 
each rat. At 48h one rat was killed and no erythema detected at the larval attachment sites. A 
sample of skin taken for histology showed no inflammatory reaction around the tick mouthparts 
(Figure 78). The engorged larvae were collected and a return of 57.0% recorded. Two weeks 
later the same rats were given a second dose of 200 larvae. Another animal was killed at 48h and 
histology showed that there was still no inflammatory reaction at the feeding sites (Figure 79). A 
successful engorgement return of 64.5% was recorded. The rats were given a third dose of 400 
larvae two weeks later and 47.0% of these fed to repletion. 
The 5 rats which had received 3 previous larval infestations were given a dose of 100 
FIGURE 7 4. Skin reaction to larva feeding for 48h on previously 
unexposed rabbit. Although section is not cut through tick mouthparts, it 
can be seen that there is an almost imperceptible cellular response. Larvae fed 
successfully to repletion (26% return). Giemsa X 100 
FIGURE 75. Skin reaction in same rabbit 3 weeks later to second 
infestation of larvae. This intense 48h papular reaction at the site of larval 
feeding (tick detached) is marked by acute oedema and a heavy infiltrate of 
inflammatory cells. Only 2.5% of larvae fed to full engorgement on this 
occasion. Giemsa X 100 
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FIGURE 76. Each of these inflamed papules is the site of a larva 
feeding for 48h on the back of the sensitized rabbit. The fur was clipped 
off just prior to photography. Lesions were firm, raised and appeared to be 
accompanied by itching. No larvae were observed to engorge from these 
areas. 
~ 
FIGURE 77. I. holocyclus larvae and nymphs which have been feeding 
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for 72h on the sensitized rabbit. Although papular skin reactions are prominent, 
many ot the ticks can be seen partially engorged. Animal wore an "Elizabethan" 
collar to prevent grooming and biting this area of skin. 
FIGURE 78. 
rat for 48h. 
Feeding lesion of larva attached to a previously unexposed 
No cutaneous cellular response detectable. Giemsa X 100 
FIGURE 79. There is still no cutaneous cellular response after 48h 
larval feeding on a rat which had received one previous infestation of larvae. 
Giemsa X 100 
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I. holocyclus nymphs, 19.0% of which were recovered fully fed. Social grooming may have re-
duced the survival of engorging nymphs as some blood stains were seen on the hair. Two of these 
rats were then used to feed single adult female ticks (see Chapter 2, Figures 1c & 6). The ticks 
successfully fed for 7 & 8 days, reaching weights of 0.4g. No toxic symptoms were seen in the 
two rats. 
From these observations it was concluded that: 
(a) The laboratory rat does not acquire cutaneous immunity to I. holocyclus. 
(b) Hypersensitivity reactions are not seen at the sites of attachment of the ticks to the skin. 
(c) The rat is thus the host of choice for the laboratory feeding of I. holocyclus. 
8.5 The mouse (Mus musculus) 
Laboratory mice have been used for the feeding of a variety of ticks provided that res-
training devices are used to prevent the animals from removing the ticks by grooming (Riek, 1959b; 
Gregson, 1964). I. holocyclus adult females have been fed on the heads of mice during studies on 
the tick "paralysis" toxin (Murray & Koch, 1969). 
Observations 
Five mature male outbred Sydney White mice were given a dose of 50 I. holocyclus larvae 
along the backline. The ticks did not rapidly penetrate the hair coat and the mice intensively 
groomed as the ticks began to attach after 15 min. At 48h one mouse was killed but only 2 sur-
viving larvae were still attached. The other mice were killed and only 2-4 found on them. 
It was concluded that mice were unsuitable hosts for the study of skin reactions to I. holo-
cyclus larvae unless restraining devices are used to prevent grooming and the animals kept singly to 
stop social grooming. As these measures are time-consuming, no further experiments using mice 
were carried out. As the mouse is the most valuable species of animal for the study of basic immun-
ology, further studies to develop an I. holocyclus experimental model in them might be profitable. 
8.6 The long-nosed bandicoot (Perameles nasuta) 
As mentioned in Chapter 2, the natural host of I. holocyclus is the marsupial bandicoot 
(Figure 1a). The histological features of the attachment of the tick to this host have been studied 
by Moorhouse (1967). No details of the types of inflammation associated with the feeding lesions 
were included, although it was mentioned that the nuclei-free zone of collagen extended over a 
width equal to about three times that of the mouthparts. 
Observations 
A one-year-old male long-nosed bandicoot (Perameles nasuta) was kindly loaned by Dr. 
A.G.Lyne, CSI RO Division of Animal Physiology, Prospect, N.S.W. from his laboratory colony 
ofthese animals (Lyne, 1971). This animal had never been exposed to ticks before and was used 
for three experiments (BB92, BB98, BB105). An initial infestation of 400 I. holocyclus larvae 
was applied to the back line and at 48h the animal was anaesthetized for skin biopsy. Although 
erythema was noticed at the larval attachment sites, only a minimal inflammatory response was 
detected histologically (Figure 80). The larvae appeared to feed successfully and detach by the 
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5th day but the engorged ticks were not collected. Three weeks later, a second dose of 400 larvae 
was applied and on this occasion the 48h biopsy showed a striking inflammatory reaction at the 
sites of larval attachment (Figure 81 ). A mixed infiltrate of cells was notable for the presence of 
what appeared to be a moderate number of basophils, which were distinct from the many mast 
cells seen. Eosinophils were rare. The reaction had many features of a delayed hypersensitivity 
reaction with marked perivascular accumulations of lymphocytes. Despite these reactions to the 
larvae, the ticks appeared to feed normally and were seen detaching on the 4th & 5th days. Three 
weeks later a third infestation of 400 larvae was applied and the 48h biopsy showed similar hyper-
sensitivity reactions around the ticks. Again the larvae appeared to feed successfully. No pruritus 
was observed in the animal during larval feeding except for the initial irritation seen when the ticks 
attached 15-30 min after application. 
Skin biopsies were also taken from wild-caught bandicoots (see Chapter 2) which were given 
infestations of all three instars of I. holocyclus. Tick attachment sites were usually seen to beery-
thematous and slightly swollen. Larval and nymphal bite lesions showed histological evidence of 
hypersensitivity reactions (Figure 82) which, however, did not appear to hamper normal feeding 
and engorgement (Figure 83) . Adult tick lesions were usually accompanied by necrosis and an 
extensive neutrophil infiltrate which obscured any underlying histological pattern. 
It was concluded that: 
(a) Bandicoots acquire a hypersensitivity to the attachment and feeding of I. holocyclus ticks. 
(b) The hypersensitivity reaction is not deleterious to the tick and thus cutaneous immunity to the 
parasite is not observed. 
8.7 The dog (Canis familiaris) 
The dog is a favourable host to I. holocyclus and also a frequent victim of its "paralysis" 
toxin (Aibiston, 1968). As this host is used for the mass production of anti-toxic hyperimmune 
serum, there seemed little doubt that cutaneous immunity, to the adult tick at least, does not occur. 
A detailed report of the histopathology of skin reactions to the feeding of R. sanguineus on the 
dog concluded that resistance to the tick in this host was not seen (Theis & Budwiser, 1974). 
Observations 
Several biopsies of adult tick lesions were taken from dogs used for serum production at 
commercial laboratories in northern N.S.W. Although cutaneous swelling was seen some hours 
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FIGURE 80. Larva feeding for 48h on previously unexposed bandicoot 
has provoked only a mild cutaneous cellular reaction. Section is not cut pre-
cisely through mouthparts of tick. Giemsa X 100 
FIGURE 81 . After sensitization 
by a previous infestation of larvae, the 
bandicoot has produced a marked cutan-
eous hypersensitivity reaction at the site 
of a larva feeding for 48h. The dense 
inflammatory infiltrate contained a mixed 
population of cells including what 
appeared to be some basophils. Note 
peri-vascular accumulation of lympho-
cytes (lower centre). Despite the host 
reactions, larvae appeared to engorge 
normally. Giemsa X 100 
FIGURE 82. I. holocyclus nymph feeding for 48h on a wild-caught 
bandicoot has provoked an intense local cutaneous reaction marked by a dense 
cellular infiltrate. Giemsa X 60 
FIGURE 83. Despite the intense cutaneous cellular reactions, feeding 
nymphs in this section at 96h show that the ticks were nonetheless able to 
engorge successfully on this bandicoot. Note absence of haemoglobin crystals 
in gut contents of engorged nymphs (compared with larvae, Figure 54). 
Giemsa X 50 
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after attachment of the ticks, no hypersensitivity reactions were detected histologically, the 
lesions at all stages were characterised by the massive accumulation of neutrophils. The adult 
ticks fed successfully in large numbers from these dogs (Chapter 2, Figure 1b). Enquiries re-
vealed that larval and nymphal I. holocyclus were often :ieen to engorge normally from such 
dogs. However, further studies are required on the histological changes seen with the feeding 
of larvae and nymphs on dogs exposed to first and subsequent infestations of the tick. 
From the brief observations reported above it was concluded that the dog probably does 
not develop cutaneous immunity to I. holocyclus. 
8.8 Man (Homo sapiens) 
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It has long been known that I. holocyclus bites in man are capable of causing intense skin 
irritation and hypersensitivity reactions. Ross (1926) reported that larvae applied to his own arm 
caused hyperaemia and intense itching which persisted for up to 10 days. The adult tick also pro-
duces local reactions which vary from a small itchy lump to extensive areas of erythema, oedema 
and induration (Banfield, 1966). The larvae have recently been implicated as a cause of "scrub-
itch" in southeast Queensland (Sutherst & Moorhouse, 1971). These authors prepared an antigenic 
extract of I. holocyclus larvae and found that 40 out of 50 patients with a history of "scrub-itch" 
gave a positive wheal reaction after skin-prick tests. 
Observations 
It was noticed that each of 3 people who were handling I. holocyclus larvae in the laboratory 
developed cutaneous hypersensitivity to the bites of these ticks which were often unavoidable. Sen-
sitization appeared to occur within 2-3 weeks of first exposure. The skin reactions to the larvae 
often had two phases- an initial immediate reaction seen 1-2h after attachment with itching and 
slight wheal formation, and a more intense delayed :-eaction seen at 24-48h with a raised red papule, 
local erythema and often intolerable itching (Figure 84). Larvae allowed to feed on hypersensitive 
people were never observed to fully engorge, usually dropping off within 48-72h after partial en-
gorgement. Two biopsies of irritating larval lesions (24h & 48h) were taken from the author. The 
histological reaction was one of mild oedema with a perivascular lymphocyte infiltrate characteris-
tic of a delayed-type hypersensitivity reaction. Eosinophils and basophils were not obvious. 
The author carried out several skin-prick tests on himself with I. holocycl us antigenic ex-
tracts. The larval extract gave a classical dual hypersensitivity reaction on most occasions it was 
tried. Within 10 min a raised itching wheal, 1 Omm diameter, occurred at the site surrounded by a 
30mm erythematous flare (Figure 85). This immediate hypersensitivity reaction subsided within 
1h but was followed 24-36h later by a delayed reaction in the form of a firm red papule which was 
highly irritating and produced a raised wheal if rubbed. The lesion usually regressed by 3-4 d~ys. 
Extracts of I. holocyclus eggs failed to produce a reaction (see Chapter 7.4). 
FIGURE 84. Arm of I. holocyclus-sensitized male laboratory assistant 
showing persistent irritable skin papules following inadvertent bites by larvae 
one week ago. Attachment of larvae was imperceptible until delayed-hyper-
sensitivity reactions (cell-mediated) occurred 36-48h later. 
FIGURE 85. Immediate-hypersensitivity reaction (antibody-mediated) 
on author's arm 15 min after skin-prick with I. holocyclus larval extract. 
Cent ral wheal is surrounded by erythematous flare and accompanied by 
pruritus. Lesion subsided in 1 h but was followed at 24-36h by a delayed· 
hypersensitivity reaction (cell -mediated) in the form of a firm, irritable and 
persistent papule. 
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From these limited observations it was concluded that: 
(a) A high proportion of humans who are exposed to the bites of I. holocyclus larvae will develop 
cutaneous hypersensitivity to the bites. 
(b) The skin reactions are unfavourable to the larvae which do not fully engorge and either detach 
or are rubbed off as a result of the intense local itching. 
(c) Hypersensitivity reactions to I. holocyclus bites may be an occupational hazard in people 
working with laboratory colonies of the tick unless strict avoidance precautions are taken. 
8.9 Discussion 
The findings presented in this chapter indicate that there are wide species variations in the 
cutaneous response to I. holocyclus ticks. The rabbit is capable of acquiring hypersensitivity to 
tick feeding but the rat appears to be incapable of responding in this way. Therefore, rats can be 
used repeatedly for the successful feeding of I. holocyclus ticks. More puzzling, however, is the 
finding that the natural host of I. holocyclus, the bandicoot, also acquires an apparent hypersensit-
ivity to the tick but these non-pruritic skin reactions do not appear to be at all unfavourable to the 
survival and engorgement of the parasite. Indeed it might be possible that the bandicoot cellular 
skin reactions are favourable to the tick in the same way as that suggested with skin reactions to 
B. microplus in cattle (Tatchell & Moorhouse, 1968; see also Chapter 1.2). 
With the curious exception of the bandicoot, it would appear that the ability to develop 
cutaneous hypersensitivity reactions to I. holocyclus, particularly if accompanied by pruritus, is 
associated with an apparent cutaneous immunity to the feeding of the tick. Such a capacity for 
sensitization might explain the choice of hosts under natural conditions. For example, rats 
(Rattus sp) have frequently been reported as hosts for I. holocyclus but rabbits have not (Suth-
erst & Moorhouse, 1972; Roberts, 1970). More detailed comparative investigations of these 
phenomena are warranted. Riek (1959b) studied the feeding of B. microplus on mice, rabbits 
and guinea pigs. He also noted that the larvae of B. microplus were capable of causing cutaneous 
allergic reactions in horses ( Riek, 1954b). Moorhouse & Tatchell (1969) studied the histological 
responses of cattle and some native African ruminants to the larvae of several ixodid ticks. 
Current ideas on the relationship of ticks to their "natural" hosts have been reviewed by Tatchell 
(1969a) see Chapter 1. 
Recent evidence has shown that cattle exposed to infestation by I. holocyclus may also 
develop cutaneous hypersensitivity to subsequent bites of the tick (Doube & Kemp, 1975). 
Feeding by only a few adult ticks was sufficient to sensitize calves, resulting in exudative skin 
reactions which hampered normal engorgement by further tick infestations. The proportion of 
ticks on sensitized calves which died in situ increased as the degree of exposure increased. Ticks 
dying in situ ranged from those which had barely begun to feed to those which had engorged. 
Ticks which had completed feeding on exposed animals weighed less that those from unexposed 
cattle. The tick-bite lesions on sensitized calves were noticeably irritable and the animals attempt-
ed to groom them off. Of particular interest was the finding that sensitized cattle were resistant 
tD the "paralysis" toxin of subsequently applied adult ticks. 
8 .10 Summary 
(1) Acquired cutaneous immunity to the tick I. holocyclus was demonstrated in the 
rabbit. Following sensitization, larval feeding lesions were characterised by an intense hyper-
sensitivity reaction which produced distinctive red skin papules. The reaction did not appear 
to be as deleterious to the ticks as those described in the guinea pig and contained no basophils. 
(2) No cutaneous immunity to the tick was observed in the rat, which did not develop 
hypersensitivity reactions and could be used for repeated feedings of the parasite. 
(3) The mouse was regarded as an unsuitable experimental host for I. holocyclus larvae 
because of the necessity to use anti·grooming devices. 
(4) Sensitization to I. holocyclus larvae is acquired by bandicoots but the cutaneous 
hypersensitivity reactions appear to exert no deleterious effects on the tick. 
(5) Cutaneous immunity to I. holocyclus seems unlikely in the dog. The histological 
reactions to the adult tick were characteri~ed by the intense accumulation of neutrophils. 
(6) Acquired hypersensitivity to I. holocyclus larvae was demonstrated in humans. 
The skin reactions were unfavourable to feeding by the ticks and were characterised histolog-
ically by a lymphocytic infiltrate 
167 
168 
·chapter 9 
GENERAL DISCUSSION 
PAGE 
9.1 The guinea pig I larval I. holocyclus experimental model 169 
9.2 Role of basophils in the cutaneous immune response 170 
9 .3 Role of eosinophils in the cutaneous immune response 171 
9.4 Susceptibility of juvenile stages of I. holocyclus to the 172 
cutaneous immune response 
9.5 Prospects for further investigation 172 
Chapter 9. GENERAL DISCUSSION 
Specific details concerning individual experiments and relevant literature have already been 
discussed in the previous chapters of this thesis. The relationship of the work described to that 
of the general problems concerning cutaneous arthropods can be gained from the introduction in 
Chapter 1. 
9.1 The guinea pig I larval I. holocyclus experimental model 
The development of a technique for maintaining individual chambers of 200 I. holocyclus 
larvae enabled a quantitative experimental model of their survival on the guinea pig to be utilized 
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as the basic method for investigation of cutaneous immune responses directed against the tick. 
Despite the unpredictable viability of larvae, significant results were obtained based on the appar-
ent rejection of ticks on immune animals when related to the engorgement of those feeding on a 
group of non-immune controls. The method differed from most previously published investiga-
tions in this field by the non-use of restraining devices to keep the larval ticks on the skin. This 
saving in effort allowed large numbers of animals to be used in multiple experiments. Guinea pigs 
were attractive to the larvae, had sufficiently thick skin along the backline to enable production of 
high-quality histological sections and were available in an inbred strain for cell -transfer experiments. 
Grooming of the backline skin appeared to be minimal and did not disturb the feeding ticks. 
I. holocyclus larvae proved to be particularly suitable experimental parasites because they were 
easily cultured, rapidly penetrated the hair coat of guinea pigs and could be examined in detail 
under the dissecting microscope whilst remaining attached to freshly-excised skin. Their anchorage 
to the skin without "cement" substances allowed histological evidence of a cutaneous immune 
response to be detected without associated non-specific inflammation. As I. holocyclus is only found 
in Australia, however, it would be of considerable interest to find out if the closely similar larvae 
of the European tick I. ricinus produced similar results in guinea pigs. No such studies have been 
published. 
No evidence was collected to confirm the progression of this example of an arthropod immune 
response through a number of distinct stages of hypersensitivity, as suggested by the widely-quoted 
work of Benjamini & Feingold et al. (1960) on flea hypersensitivity in the guinea pig (see Chapter 
1.4). They postulated that the animals passed through 5 approximate stages of response to flea 
bites. 
1. No reaction (1st-4th days) 
2. Delayed-hypersensitivity only (5th-9th days) 
3. Immediate-plus-delayed-hypersensitivity (9th-60th days) 
4. Immediate-hypersensitivity only (60th-90th days) 
5. No reaction (tolerance) (after 90th day) 
No progression from delayed-type to immediate-type hypersensitivity was seen in the tick-
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infested guinea pigs, however,. Even after a total of 5 infestations of larvae at 3-weekly intervals, 
animals failed to elicit macroscopic or histological evidence of an immediate-type hypersensitivity. 
Nonetheless, increased numbers of eosinophils were seen in the skin reactions from these animals 
and skin-sensitizing antibodies were detected in their serum, perhaps suggestive of the presence of 
an immediate-type response. As the ticks remain continuously attached to the skin for 4-5 days 
it is difficult to separate immediate and delayed-onset reactions. Further long-term tick feeding 
experiments are required to clarify this situation. The lack of any similarity with the flea model 
is further accentuated by the fact that Benjamini and co-workers used no techniques for the de-
tection of basophils in the guinea pig skin reactions and thus their reports of "eosinophils" may 
well be referring to basophils, especially since they likened the responses to Jones-Mote hypersen-
sitivity. 
9 .2 Role of basophils in the cutaneous immune response 
The striking feature of the I. holocyclus immune skin reactions in guinea pigs was the large 
number of basophils in the inflammatory infiltrate. The guinea pig I I. holocyclus model thus 
served two purposes: (a) an example of cutaneous immunity to an arthropod and (b) a naturally-
produced example of so-called cutaneous basophil hypersensitivity (CBH). It is not the author's 
intention to attempt classification of tick-induced basophil reactions within the confusing multi-
tude of experimental examples of CBH, as outlined in Chapter 4.7. Originally recognised as a 
response to soluble protein antigens ("Jones-Mote" reactions), CBH has also been described as a 
response to a wide variety of other immunogens, ranging from viruses to tumour cells, and it has 
come to be known as a form of immunological response separate from classical tuberculin-type 
delayed hypersensitivity and also from the well-known antibody-mediated reactions (Dvorak & 
Dvorak, 1974). The latter authors have concluded that skin-sensitizing antibodies have no essen-
tial role in the pathogenesis of CBH. No PCA-detectable antibodies were found in the serum of 
I. holocyclus-immune guinea pigs which had received 1-3 infestations of the tick, yet these animals 
had effectively mounted repeated cutaneous baso!)hil reactions which were lethal to the larvae. 
The basophil infiltrates seen with the tick lesions in immune animals were unusual for the 
presence of massive numbers of discharged basophil granules. Histological sections of the gut 
diverticula and rectal sacs of larvae feeding on these reactions confirmed that quantities of the baso-
phil granules had been ingested. Such larvae also contained higher levels of histamine than those 
feeding from non-immune guinea pigs. Although unquantitated, an impression was gained that the 
numbers of basophils detected histologically in tick-feeding lesions correlated approximately with 
the level of immunity, as measured by reduced numbers of engorged larvae. These observations 
lead to the hypothesis that the basophils are, in some way, "toxic" to the ticks, possibly by the 
release of their principal pharmacologically-active component, histamine. Further experiments will 
be required to confirm or deny this. Of relevance is the finding that increased numbers of basophils, 
mast cells and eosinophils, together with increased levels of histamine and 5-hydroxytryptamine, 
were found in the intestinal mucosa of guinea pigs during expulsion of an infection of the nematode 
T. colubriformis (Jones, Rothwell. Dineen & Griffiths, 1974; Rothwell, 1975). Infusion of 
histamine and 5-hydroxytryptamine into the small intestine of guinea pigs was shown to cause 
significant expulsion of this parasite (Rothwell, Prichard & Love, 1974). 
Comparative studies of the response to I. holocyclus in other species of hosts, however, 
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made it clear that basophils are not essential for cutaneous rejection of the tick. The rabbit 
mounted an intense hypersensitivity reaction to the larvae which was notable for the virtual 
absence of basophils. It is known that histamine release can occur from rabbit platelets (Mcintire, 
1973), thus the lack of basophils does not preclude the possible role of this amine in tick rejection 
by rabbits. It was noted that many larvae and nymphs feeding from the immune rabbit were able 
to partially engorge and detach if protected from the grooming efforts of the animal, suggesting 
that the skin lesions were not as deleterious to the ticks as those in immune guinea pigs. Of par-
ticular interest was the finding of a rooderate number of basophils in the bandicoot tick-feeding 
lesions which were in no way unfavourable to the parasite. The cells were not confirmed by 
electron microscopy but appeared quite different from the numerous cutaneous mast cells in this 
species. No basophils were confirmed in the two skin biopsies taken from the author's larval 
reactions. The role of basophils in the tick lesions from immune guinea pigs must therefore re-
main a matter for further speculation. From the variety of widely differing guinea pig responses 
reported in the literature in which accumulations of basophils are seen, it might be reasonable to 
conclude that cutaneous basophil hypersensitivity is not so much a distinct immunological entity 
as a convenient histological description. 
9.3 Role of eosinophils in the cutaneous immune response 
Accumulation of eosinophils in the skin and other tissues is characteristic of many mammalian 
disorders involving a prominent host immunological reaction. The role of this cell in the modulation 
of the humoral and/or cellular response is still unknown. It may have a primary function in inac-
tivating chemical mediators or it might be a repa~r cell. The kinetics of eosinophil infiltration 
following local anaphylaxis would suggest a repair function but it is still not possible to interpret 
the role of the eosinophil on the basis of present knowledge (Kay & Cohen, 1974). 
The onset of eosinophilia in helminth infections of man and laboratory animals correlates 
with the appearance of detectable reaginic antibody and is considered a good prognostic sign (re-
viewed by Honsinger, Silverstein & Van Arsdel, 1972). A similar phenomenon was seen in guinea 
pigs exposed to a total of 5 infestations of I. holocyclus larvae, with the appearance of masses of 
eosinophils in the skin reactions (Figure 35) corresponding to the detection of skin-sensitizing 
antibody (lgG1, not lgE) in their serum. Parish (1972)"reported that isolated human basophils, 
sensitized in vitro by lgE and challenged with antigen in the absence of complement, released a 
substance which attracted eosinophils. The larval feeding lesions on I. holocyclus-sensitized 
guinea pigs always contained many eosinophils but they appeared later than basophils and only in 
very large numbers after 3 or more infestations. Their role is unknown and their effect on the 
tid< larvae was not particularly studied. They ,drd not·appear "to .degranulate nearly .as reacli ly as the 
basophils but were observed to migrate towards the tick mouthparts and also form accumula-
tions under the epidermis. 
9.4 Susceptibility of juvenile stages of I. holocyclus to the cutaneous immune response 
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Results of experiments described in this thesis suggested that the larvae of l.holocyclus 
were actually killed in situ by the cutaneous response in immune guinea pigs. Adult female ticks, 
however, were able to survive with reduced amounts of ingested blood. Similarly, the immune 
rabbit rejected most of the larvae applied but adults were able to engorge almost normally if 
protected from the animal's scratching. This ability of adult ticks to withstand the host's hyper-
sensitivity reaction means that numbers of engorged adult ticks detaching will not provide an 
accurate indication of the host's immune response. A more sensitive indicator in these circum-
stances will be the reduced weights of adult ticks at engorgement (Branagan, 1974; Doube & 
Kemp, 1975). 
The fact that cutaneous immunity to ticks may only be effective against the juvenile stages 
of the parasite could have important implications for the ecological aspects of the host-parasite 
relationship. A hypothetical example might be drawn from the case of the rabbit- under natural 
conditions the larvae of a certain tick would fail to survive on this species but adult ticks would 
perhaps be able to feed to repletion. Under such conditions a different species of host might be 
needed for the larvae e.g. rodents. 
From _the experimental point-of-view, the evidence suggests that larval ixodid ticks are the 
most satisfactory laboratory parasites for the study of host immunity, being particularly sensitive 
to immune skin reactions. 
9.5 Prospects for future investigation 
There seems little doubt that closer comparative study of the strikingly different responses 
to I. holocyclus larvae by the three laboratory animals - rabbit, rat and guinea pig- might offer 
the most potential for further research. Why does the rat show no evidence of cutaneous immunity 
against the tick when both the rabbit and the guinea pig mount such intense and effective defences 
in the form of delayed-onset hypersensitivity reactions? Such a comparative study might also enable 
the role of the basophil to be elucidated. The curious finding that the bandicoot acquires the 
capacity to mount a marked, yet non-protective hypersensitivity reaction also deserves more detailed 
investigation. The almost total unavailability of bandicoots which have never been exposed to 
I. holocyclus adds to the difficulties of such a project. Lastly, the fact that man also becomes sen-
sitized to I. holocyclus, reacting with both immediate and delayed-type hypersensitivity, illustrates 
that arthropod bite-reactions may be irritating but beneficially anti-parasitic . 
Using the guinea pig model, there would appear to be sufficient basis to undertake a study 
using more sophisticated immunological techniques such as lymphocyte transformation and culture, 
173 
analysis of antigens and immunoglobulin fractionation. In particular, the relative roles of 
cellular and humoral immunity need elaboration, as evidence presented in this thesis points to 
an interaction by both. Adaptation of methods to produce a mouse/1. holocyclus model would 
allow definitive immunological investigations, but the re;;ponse in this species awaits experimenta· 
tion. On a more mundane level, quantitation of the cellular constituents of the cutaneous response 
in all species is required. Using semi-thin resin-embedded histological sections, such a study could 
be combined with further electron microscopy. 
The prospects for vaccination against ticks does not now appear as remote as a glance at the 
literature would suggest. For example, vaccination of calves with larval I. holocyclus antigens might 
be able to confer sufficient sensitization against the adult tick to protect against toxic attacks by 
this instar during the first season of exposure. 
There is a pressing need for an arthropod pathologist, if such a being exists, to examine the 
deleterious effects of the guinea pig cutaneous immune reaction against I. holocyclus. Do biolog-
ically-active amines such as histamine really play a role in the lethal effect on the tick? Can 
systemically administered drugs produce the same effect? Entomological expertise is also required 
for further studies on the origin of I. holocyclus antigens, particularly the contribution of the 3 
types of salivary gland acini. The question of cross-immunity between tick species could also be 
studied, for example does I. cornuatus confer immunity against I. holocyclus? Finally, there is a 
need to improve on the laboratory culture of I. holocyclus, especially the use of constant-humidity 
salt solutions for long-term storage of each instar. 
The unrelenting puzzle of the "paralysis" toxin of I. holocyclus is at present being investigated 
by at least 4 groups of workers. Their findings will be of interest to all who seek new information 
about one of Australia's most neglected indigenous arthropods. 
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